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3ia KHHra HanncaHa b KOHue ABa^uaioro BeKa. EciecTBeHHO, 
aBTopy xoneTca ynoMHHyrb 3#ecb BaacHeftiiiHe co6biTMH b kocmojio- 
thm, KOTopbie npoMCXO^MJiM b Te4eHHe nocjie^Hwx da JieT. 

.flBa^uaTbiH BeK xapaicrepH3yeTCH BbmaiomHMca nporpeccoM Ha- 
yKH; b 1905 rojsy poamiacb HOBaa $H3HKa — pejMTHBHCTCKaa 
(A. 3ftHiirreHH), a HecKOJibKO paHbiue — KBaHTOBan (M. IljiaHK), 
M3MeHHBiuaH HauiM B3rjiwbi Ha CTpyicrypy npocrpaHCTBa-BpeMe- 

HH H CTpyiCTypy (J)H3H4eCKHX B3aHMOfleHCTBHH. Cjie^CTBMeM 3THX 

OTKpbiTMH HBHJiHCb 6ojibiiiHe yenexn b o6i>5icHeHMH cTpyicrypbi Ma- 
TepwM h BcejieHHoii. B Hanajie BeKa noHBmiacb TaKace coBpeMeHHaa 

KOCMOJIOrMfl. ^aTa pOXfleHHH COBpeMCHHOH KOCMOJIOrHH M3BeCTHa 
fl0CTaT04H0 T04H0. 06bI4HO ee OTC4HTbIBaK)T ot BpeMeHH ny6jiM- 

KauHM cTaTeft A. A. Opn^MaHa. B 1922 r. b HeMeuKOM acypHane 
"Zeitschrift fur Physik" 6wjia ony6jiHKOBaHa CTaTba A. A. cppn^Ma- 
na «0 KpwBH3He npocipaHCTBa». Ochobhoh BbiBoa 3toh pa6oTbi 
3aKjiK)4ajicfl b tom, 4to Hauia BcejieHHan 3BOjiiouHOHHpyeT, 0Ha 
pacuiHpneTCH, a ee co6erBeHHbift o6i>eM pacieT. 

3th BbiBOflbi 6buiH HacTOJibKO Heo6bi4Hbi, 4to Raxe A. 3hh- 
uiTeftH BHa4ane BocnpHHHji mx co ckciichcom. Kohchho, H^ea no- 

CTOHHHOrO M3MeHeHH5I He CTOJIb >OK H Heo6bI4Ha. FIOCTOflHHbie H3Me- 

HCHHfl mw Ha6jno,aaeM b noBce^HeBHOH >kh3hh; HaGjiioaaiOTCH ohm 

H B KOCMH4eCKOM npOCTpaHCTBC JXeHb CMeHHeTCH H04bI0, JieTO — 
IMMOK, TOR — TOflOM. Ho aCTpOHOMbl npHBblKJIH 60JlbUie K UHKJIH4e- 
CKHM H3MeHeHHHM. IIpH4eM 3TH UHKJIH4eCKHe H3MeHeHHH npOHCXO- 

aht Ha (J)OHe CTauwoHapHOH 3Be3,aHOH KapTHHbi. Haea nocTynaTejib- 
HOPi 3bojik)uhh bo BpeMeHa A. A. Opw^MaHa 6bijia no-HacToameMy 
l>e»o;iK)UHOHHOH. CaM A. 3ttHuiTeHH b 1917 r. co3,aaji Moaejib cTa- 
UMOHapHoii BcejieHHOH, b KOTopoit He 6buio 3bojiiouhh, y kotopoh 

f>CCKOHe4HO MHOrO BpeMeHH 6bIJIO B npOIUJIOM H 6eCKOHe4HO MHoro 

iipcMCHH b 6y^ymeM, xoTa no3ace oh npH3Haji npaBHjibHOCTb hjxcvl 
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BBeAeHne 



A. A. OpHflMaHa. KocMOjiorHHecKaa Moaejib A. A. Opn^MaHa, b ko- 
Topoft 6buio Hanajio, hjih, KaK tobopht cero^HH, momcht po)K#eHHH, 
BHanajie 6biJia BoenpHHHTa orrajiKHBaiome. TeM He MeHee oHa 6biJia 
noflTBepacaeHa Ha6jnoaeHH5iMH h ceftnac flBjiaeTca o6menpHHHTOH. 

B Hanajie Hauiero BeKa KOCMOJiorna paccMaTpHBajiacb MHorHMH 
yneHMMH KaK a6cTpaKTHaa HayKa, aaneKaH aaace ot ochobhhx 3anpo- 

COB (J)yHJiaMeHTaJIbHOH $H3HKH H aCTpOHOMHH. RO BTOpOH MHpOBOH 
BOHHbl HHCJIO CneUHaJIHCTOB, KOTOpbie 3aHHM3JIHCb KOCMOJIOrHeft, 

mokho 6buio nepecHHTaTb no najibuaM. 3to 6bUio He yflHBHTejib- 
ho, TaK KaK HayHHaa KocMOJiorna ocHOBbiBajiacb jiMuib Ha oahom 
4>aKTe — pacuiHpeHHH BcejieHHOH. 

CHTyauHH 3HaHHTejibHO H3MeHHJiacb b mecTH^ecHTbix ro^ax 
^Ba^uaToro BeKa. 3th roabi nojioacmiH Ha^ajio <onoxe bcjihkhx 

aCTp0H0MH4eCKHX OTKpbITHH». CpeflH npOHHX OTKpblTHH, H3MCHHB- 

uiHx HaiiiH npeflcraBJieHHH o BcejieHHOH, 6buio caejiaHo oTKpbrrae 

peJIHKTOBOrO H3JiyHeHHH. 

Otkphthh b KOCMOJiorHH cjie^OBajiH oflHO 3a apyrHM. Oco6eHHO 
njio^oTBopHbiM 0Ka3ajiHCb nocjie^HHe flBa aecHTHJieTHH Hauiero BeKa. 

Bee 3TO BbI3BaJIO Heo6bWaHHbIH pOCT nOIiyjIHpHOCTH KOCMOJiorHH KaK 

b epezje acTpoHOMOB, TaK h b cpe^e 4>h3hkob. Hhcjio cneunajiHCTOB, 

KOTOpbie TeM HJIH HHbIM 06pa30M BOBJieHeHbl B 3aHHTHH KOCMOJIOrH- 

en, npn6jiH>KaeTCfl k HecKOJibKHM TbicHHaM. Hhcjio cTaTen, nocBH- 

meHHblX KOCMOJiorHH H CBH3aHHbIM c Hen o6jiacTHM HayKH, GblCTpO 
paCTeT. FIOHBHJiaCb HOBafl HayKa — KOCMOMHKpO(j)H3HKa, o6i>e#HH5i- 

Fomaa b e^HHyio o6jiacTb HayKH KOCMOJioraio h (J)H3HKy 3jieMeHTap- 
hwx nacTHU, KOTopwe Tenepb KOHuenTyajibHo o6oramaioT apyr apyra. 

3Ta KHHra HBjiaeTca nonyjiapHbiM H3Jio>KeHHeM ochobhmx Hfleii 
h 4>aKTOB KOCMOJiorHH; OHa nocTpoeHa no cjieayiomeMy npHHimny. 

BHa4ajie 6yaeT cKa3aH0 o tom, <ito TaKoe KOCMOJiorHH, Ka- 
kob npe^MeT ee H3y*ieHHH, paccKa3aHo o coctohhhh 3toh HayKH 
b nocjie^HHe flBa aecHTHjieTHH. 

KaK h BCHKaa HayKa, KOCMOJiorHH HMeeT Ha6op Ha6jno^eHHH, 
hjih 3KcnepHMeHTajibHbix CBH^eTejibCTB, KOTopwe HBjiflioTCH jum Hee 

KpHTHHeCKHMH. Ka^blH H3 TaKHX 3KCnepHMCHT0B HBJIflJICH peiliaiO- 
mHM B Bbl6ope COBpeMeHHblX B3rjIHAOB Ha 3BOJIIOUHK) h cTpoeHHe Ha- 

lueii BcejieHHOH. Cpa3y nocjie nepBoii rjiaBbi b KHHre 6yayr onncaHbi 

HMeHHO TaKHe KpHTH4eCKHe Ha6jIK)flaTeJIbHbie TeCTbl KOCMOJiorHH. 



EteeAeHkie 



3aTeM kjiqt KpaTKoe onncaHHe hctophh BcejieHHOH, aaeTca xa- 
paicrepHCTHKa KaacaoH 3noxH, KOTopaa aanaeTca BaxHoft Bexoft b cy- 
mecTBOBaHHH Haiuero MHpa. IlepBbie TpH rjiaBbi aanaioTca K3K 6m 
pacmnpeHHbiM BBCzieHMeivi. 

Co6cTBeHHo caMa KocMOjiorwa HanaraeTca HHace. PaccKa3 o Hew 
HaHHHaeTca c onncaHHa 3aKOHOB, KOTopbie ynpaBJiaiOT 3BOjnouHeft 
b Haiuefl BcejieHHOH, no,apo6Horo noBecTBOBaHna o Kaaojoft 3no- 
xe ee pa3BHTHa, 06 3KcnepnMeHTajibHbix nccjieaoBaHHax, KOTopbie 
o6ecne4HBaiOT KocMOJionuo (J)aKTaMM. 

HecKOjibKo b dopoHe ot ocHOBHoro H3Jio^ceHHH jiexaT nocjie^- 
Hue ^Be rjiaBbi khhih, nocBameHHbie HeKOTopbiM HHTepecHbiM, xoth 
h 3K30THHecKHM npo6jieMaM coBpeivieHHOH KOCMOJiorwH. 3th TJiaBbl 
npHHajJieacaT, cKopee, acaHpy HayHHOH (JmHTacraKH. Ohm BKJiiOHeHbi 

B KHHiy H3-3a HX HeCOMHeHHOH npHTaraTCJIbHOCTH , H3-3a TOR), 4T0 

ohm no^HHMaiOT npo6jieMbi BOJiHyiomne, noxajiyn, Bcex. 

HdopHHecKHe cnpaBKH, KOTopbie BpeMa ot BpeMeHH BCTpena- 
Kyrca b KHHre, 6yayr, b ochobhom, KacaTbca pocchhckhx kocmojio- 
tob, hx BKjia^a b H3yHeHHe kocmojio™h b £Ba#uaTOM BeKe. 

CoBpeMeHHaa KOCMOJioraa npcacTaBjiaeT H3 ce6a 4pe3BbmaH- 
ho mnpoKoe nojie fleaTejibHoc™, ee mo>kho ycjioBHO no,apa3^ejiHTb 
Ha HaGjiioaaTejibHyio KocMOJiornio, <J)H3HHecKyio kocmojiooiio h Ma- 
TeMaraHecKyio KOCMOJioraio. Ka^bift H3 pa3^ejioB npe^cTaBjiaeT, 
4>aKTHHecKH, oco6yio o6jiacTb HayKH. Abtop He MoxeT npeTeH^o- 
BaTb Ha HcnepnbiBaiomee 3HaHHe Bcex pa3#ejiOB kocmojiohih, no- 
3TOMy oco6oe BHHMaHHe 6yaeT yaejiaTbca jiniiib Ha6jno^aTejibHOH 
h (J)H3HHecKoft KOCMOJiorHH, a TaioKe TeM H3 ee pa3,aejiOB, KOTopbie 

HBJI5HOTCH npHBJieKaTCJIbHblMH C THOCeOJIOrHHeCKOH T04KH 3peHHH. 

HeMHoro o CTHJie H3JioaceHHa. KHHra aBJiaeTca nonyjiapHOH. 
Abtop CTapajica no#po6HO o6i>acHaTb BCTpeqaiomneca TepMHHw, 
ocHOBHbie H^en h noHaraa KOCMOJiorHH. TeM He MeHee nojiHocTbio 
b nonyjiapHoft KHHre 3to c^ejiaTb hcbo3mo)kho. KaK h BcaKaa ecTe- 
CTBeHHaa Hayxa, KOCMOJioraa HMeeT cboh a3biK — MaTeMaTHqecKoe 
onncaHHe aBJieHHH h npoueccoB. MejioBeqecKHH a3biK cjihuikom 
6e^eH zuia Toro, hto6h onncaTb 4>n3H4ecKHe h KocMOJiornqecKHe 
HBjieHHa 6e3 npHBjieneHHa MaTeMaTHKH. He Bcer^a noMoraiOT h aHa- 
jiothh, a ,zyia HeKOTopwx npoqeccoB aHajioran H3 o6bmeHHOH )kh3hh 
npocTO OTcyrcTByioT. 
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BBeAeHwe 



Bee ace aBTop CTapajica onycKaTb cjioacHbie onHcaHHH, BKJHona- 
lomne MaTeMaTH4ecKHe 4)opMyjiw. HHTaTejib Haft^eT b KHMre He- 
6ojibiuoe KOJiHHecTBo <j)opMyji, KOTopbie Hcnojib3yioTCH b tom cjiy- 
nae, Korna onHcaHHe cjioBaMH jih6o HeB03MO>KHO, jih6o cjihuikom 
oTHromaeT KHHiy. fljia Toro Tro6bi ocHOBHbie mien 6bijiH noHHTbi 
h BoenpwHflTbi HecneuHajiHCTaMH, Hcnojib30BajiHCb MaTeMaTH4ecKne 
iiohhthh He cjio>KHee Tex, KOTopwe bxo#ht b nporpaMMy cTapiimx 
KjiaccoB cpeflHeft uikojih. 

M nocjiejiHee. CeroziHH KOCMOJiorHH nepeacHBaeT «30jiotoh BeK». 
OHa daHOBHTCH 4pe3Bbi4aHHO nonyjiapHOH. Co3flaioTCH HayHHbie 
opraHH3aaMM, nocBameHHbie loyHeHHio kocmojiohih, b o6mecTBe 

CTaHOBHTCfl IipeCTH)KHbIM H MOflHbIM rOBOpHTb o Heft, cjiyiuaTb 

jieKUHH cneuHa^HCTOB-KocMOjioroB. CouMajibHbie HHCTHTyrbi o6pa- 
maioT CBoe BHHMaHMe Ha KOCMOJioraio. nana HoaHH IlaBeji II 
b cneuHajibHOM nocjiaHHH yKa3biBaeT, hto coBpeMeHHaH kocmojio- 
thh corjiacyeTca c 6n6jieHCKHMH HCTHHaMH, HepapxH npaBOCJiaBHOH 
uepKBH nocBamaioT eft khhoi l \ TejieBHjjeHHe npeflCTaBjraeT bo3mo)k- 
hocth oth BbicTynneHHH nepea iuwpoKoft ayzjHTopweft C. XoKMHiy — 
o^HOMy H3 3HaMeHHTbix KOCMOJioroB coBpeMeHHOCTH, flpyrHM cne- 
UHajiHCTaM. Bee 3to CBH^eTejibCTByeT o 6ojibiuoft nonyjiapHOcra 
KOCMOJiorHH b coBpeMeHHOM o6mecTBe, a cjieaoBaTejibHo, BcejmeT 
Hajie^uy Ha to, hto 3Ta o6jiacTb ecTecTB03HaHHH 6yaeT BOCTpe6oBaHa 
b coBpeMeHHOM o6mecTBe eme b TeneHHe zjojiroro BpeMeHH. 

ABTopy xoneTCH BbinojiHHTb npHHTHbiii flour h noGjiaroaapHTb 
M. E. IlpoxopoBa, B. H. CeivieHuoBa, O. C. XoBaHCKyio, KOTopwe 
noMora/iH b pa6oTe najx KHHroft, a TaioKe B. T. Cyp^HHa, 6ece^w 

C KOTOpbIM BflOXHOBHJIH MCHH Ha HanHCaHHe KHHHi. 



11 EnucKon Bacwiuu (PodMwco). TeopHfl pacnaaa BcejieHHOH h Bepa otuob. M.: 
H3^-bo «npaBOCJiaBHMH najioMHHK», 1996. 



TAaBa 1 

HfO TaKOC KOCMOAOMfl? 



ITpe^MeT H3yHeHHH KOCMOjiorwH 6bui c(J)opMy^HpoBaH cpaBHHTejibHO 
He^aBHo — b Ha^ajie flBawaToro Beica. B KOHije 3Toro BeKa onpe^ejieHHe 
Toro, neM 3aHHMaeTca KocMOJionra, Ha^HHaeT no^BepraTbCH peBH3HH. Xoth 
OTcyrcTByioT (hjih, npaBHJibHO CKa3aTb, iiohth OTcyTCTByiOT) 3KcnepHMeH- 
TajibHbie CBH^eie^bCTBa npoueccoB, KOTopwe npe^CKa3biBaeT coBpeMeHHaa 

KOCMOJIOrHfl, CTaHOBHTCH nOHflTHbIM, HTO npe^Md KOCMOJIOrHH 3HaHHTeJIbHO 

uiHpe, qeM ero c(J)opMyjiHpoBajiH HecKOJibKo aecflTHJieTHH Ha3a#. B npHHijH- 
ne, ceiteac KocMOJiorHH HanHHaeT onncbiBaTb co6biTH«, KOTopwe hbjmiotch 

npHHU,HIIHajIbHO HeHa6jIK)^aeMbIMH C TOHKH 3peHHfl COBpeMeHHOH (})H3HKH, 
npOUeCCbl, CBHfleTeJIbCTBa O KOTOpblX HaflOKHO CKpblTbl OT Hac TOJimaMH 

cBepxBemecTBa h cBepxBbicoKnx TeMnepaTyp. TeM He MeHee aBTop iiphbo^ht 
to onpe^ejieHHe KocMOJiorHH, KOTopoe oh ycjibiuiaji, 6yjiym cTyzjeHTOM 
MocKOBCKoro rocy^apcTBeHHoro yHHBepcHTeia TpimuaTb jieT Ha3a#. 

ilpeAMCT KOCMOAOrHH 

KocMOJioraa — 3to Hayxa, KOTopaa H3ynaeT BcejieHHyio b ue- 
jiom, HaH6ojiee oGmwe 3aKOHbi ee pa3BHTna, Han6o;iee o6mne 3noxn 
ee HCTopHH. Kax Hayica OHa po^miacb OTHOCHTejibHO HeaaBHO — 
b Ha^ajie #Ba#ijaToro Bexa. Xoth MHorae y^eHbie, acnBiune paHbiue, 
3ajiyMbiBajiHCb o HaH6ojiee o6mnx 3aKOHax BcejieHHOH, 3KcnepH- 
MeHTajibHbift h TeopemHecKHH 4>yH^aMeHT ajifl M3yHeHMH BcejieH- 
hoh 6bui 3ajic»KeH nocjie co3#aHHJi A. Shhuitchhom o6meft TeopHH 
OTHocHTejibHOc™, nocjie OTKpbiTMH 3. Xa66jioM (baKTa pacuiHpeHHH 
Hauiero MHpa. 

TeoperaHecKHe ochobw COBpeMeHHOH KocMOJiorHH 6bijiH co3^a- 
Hbi poccHiicKHM y^eHbiM AjieKcaH^poM AjieKcanapoBMHeM Opna- 
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fAaBa 1 . Hto TaKoe KOCMOAorna? 



MaHOM, KOTopwH BnepBbie nojiyHHJi pemeHHa ypaBHeHHH o6meft 
TeopMH oTHOCHTejibHocra juw cjiynaa H30TponHoro h oaHopo^HO- 
ro pacnpeaejieHHH BemecTBa. TepMHH «H30TponnH» 03HanaeT, hto 
CBOHCTBa BemecTBa BcejieHHoii, Ha6jnoaaeMbie H3 o^hoh tohkh, 

B pa3HbIX HanpaBJieHHHX HBJI5IIOTCH OflHHaKOBblMH. TepMHH «Ofl- 

HopoOTOCTb» 03Ha4aeT, hto cBOHCTBa BemecTBa B pa3HbIX TOHKaX 
n pocTpaH cTBa Toxe ozjHHaKOBbi. Ochobhwc xapaKTepncraKH Beme- 
cTBa — 3to njioTHocTb, ^aBjieHHe h TeMnepaTypa. Hmchho ohh 
pacnpe^ejieHbi o^Hopo^Ho h H30TponHO. Kohchho, b 3eMHbix ycjio- 

BHHX BemeCTBO ^a/ieKO OT OflHOpO^HOCTH H H30TponHH. IlOBepXHOCTb 

3eMjiH h B03flyx, HaxoAHmHHca Ha# Heft, o6jia^aiOT pa3JiHHHoft njioT- 
HOCTbio. O^HaKO, ecjiH mw paccMOTpHM Ky6 c pe6poM 3 • 10 18 CM 
(b acTpoHOMHH 3Ta eaHHHija H3MepeHHH hocht Ha3BaHHe o#hh nap- 
ceK, coKpameHHo nK) h nocHHTaeM cpe^Hioio njiOTHOCTb b HeM, 
a 3aTeM 6y#eM nepe^BHraTb 3tot Ky6, to o6Hapy»tHM, hto Kompacr 

njIOTHOCTH 3HaHHTeJIbHO MCHbUie, HeM B 3eMHbIX yCJIOBHHX. B KOCMO- 

jiorHH MacuiTa6, c KOToporo BcejieHHaa CTaHOBHTca npH6jiH3HTejibHO 
oOTopoflHOH h H30TponHOH, HMeeT pa3Mep 200 000 000 napceK hjih 
200 MeranapceK (coKpameHHo 200 Mmc). 

TeoperanecKH npe#CKa3aHHoe OpnzjMaHOM pacuinpeHHe Bce- 
jieHHOH 6biJio o6Hapy>KeHO HecKOJibKO JieT cnycTa Xa66jioM, h 3aKOH 
pacinnpeHHH, KOTopbift HMeeT BecbMa npocroft bur: 

v = Hf y (1.1) 

ceftnac hocht hmh Xa66jia. B 3tom 3aKOHe v — CKopocTb ^ajieKoro 
o6i>eKTa (HanpHMep, rajiaKTHKH hjih KBa3apa), H — nocTOHHHan 
Xa66jia, r — paccTOHHHe no o6i>eKTa. CorjiacHo coBpeMeHHbiM 
H3MepeHH5iM, nocTOHHHaH Xa66jia paBHa: 

km/c 

H = 65 

MnK 

3tot 3aKOH ycTaHaBjiHBaeT cjieayiomnft 4> aKT - Ecjih BHera- 

JiaKTHHeCKHH 06l»eKT HaXOflHTCH OT HaC Ha paCCTOHHHH, paBHOM, 

HanpHMep, 100 MnK, to oh y^ajiaeTCH ot Hac co cKopocrbio, paBHoft 
6 500 km/c. 

Ha3BaHHe «nocTOHHHaa Xa66jia» cjioacnjiocb HCTopHHecKH h He 
ABJiaeTca a6cojnoTHO tohhwm no cMbiarry. Oho no^nepKHBaeT tot 
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c})aKT, 4T0 H He 3aBHCHT OT paCCTOHHHH H ot HanpaBjieHHH Ha o6beicr. 
TepMHH «nOCTOHHHafl», OflHaKO, HeCKOJIbKO 3aTeMHHeT 3aBHCHMOCTb 

ot BpeMeHH. rio3TOMy HHoraa mm 6y^eM Ha3biBaTb H napaMeTpoM 
Xa66jia. Pa3MepHOCTb nocTOHHHoft Xa66jia o6paTHo nponopuno- 
HanbHa BpeMeHH. 

OieayeT cneijHajibHo noanepKHyTb, hto 3aKOH (1.1) cnpaBea- 
jihb zuia o6i>eKTOB, KOTopbie Haxo/uiTCH WBOjibHo aajieKo ot Hauieii 
TajiaKTHKH. 3Be3^bi, iuapoBbie cKomieHHH h flpyrae o6i>eKTbi, co- 
CTaBjiaiomHe Hauiy TajiaKTHKy (pa3Mep ee ^hckoboh cocTaBjiaiomeH 
~ 30 KHJionapceK hjih 30 khk), flBHacyrca He no 3aKOHy Xa66jia. 

3aKOH Xa66jia Ha^HHaeT BbinojiHHTbcn TOjibKo flpyrnx 
rajiaKTHK, KOTopwe Haxo^aTca ot Hac Ha paccTOHHHH 6ojibiue 
10-20 Mhk. 

FIocKOJibKy nocTOHHHan Xa66jia onpeaejiaeT 3aKOH pacuinpe- 
hhh Hameft BcejieHHott, a cjie#OBaTejibHO, pocT ee oG'beMa, to, 
rpy6o roBopa, o6paTHoe 3HaneHHe BejiHHHHbi nocTOHHHOH Xa66jia 
H~ { = 14-20 MJipfl jieT paBHo B03pacTy BcejieHHOH. ,H,eHCTBHTejibHO, 
o6paTHM 3aKOH pacuiHpeHHH (1.1) h OTC4HTaeM BpeMH, Heo6xo,aHMoe 
/uih toto, htoGw BcejieHHan cacajiacb ro HyjieBoro pa3Mepa. TaKoe 
BpeMa paBHO H~ { , xoth TOHHbie BbiHHCJieHHfl (6ojiee npaBHJibHbie, 
MeM no npocTOH 4>opMyjie (1.1)) flaioT HecKOJibKo oranqHoe BpeMH. 

KocMOAornfl b nocxeAHHe roAbi XX ctoactmh 

HecKOJibKo nocjie^HHx aecHTHJieTHH XX BeKa 6bum nepHo^oM 

MHTeHCHBHOrO pa3BHTHH KOCMOJIOTHH. 3a 3T0 BpeMH 6bIJIO OTKpbl- 

TO h Hccne^oBaHo pejiHKTOBoe H3JiyneHHe, ero npwpofla h B3a- 
HMo^eftcTBHe c MexrajiaKTHHecKHM BemecTBOM. Grajio noHHTHO, 
h KaKwx xapaKTepwcTHKax pejiHKTOBoro H3JiyneHHH «3auiH(i)poBaHbi» 
iiaHHbie o HaH6ojiee paHHHx 3Tanax 3bojiiouhh BcejieHHott. Bwjia 
oi KpbiTa h nojiy^HJia CBoe o6i>HCHeHHe KpynHOMaciiiTa6HaH crpyK- 
rypa BcejieHHOH h, HaKOHeu, CTajiH noHHTHbi, no KpaftHeft Mepe 
Ma KanecTBeHHOM ypoBHe, HeKOTopbie ^YHaaMeHTajibHbie Bonpocw 
KocMOJiorHH: noneMy Hama BcejieHHan oflHopo^Ha h H30TponHa, no- 
i ieMy 0Ha pacuiMpneTCH, hto nocjiyatHJio nepBOHaqajibHbiM toji4kom, 
noqeMy bo BcejieHHOH ecTb BemecTBo h npaKTHqecKH OTcyrcTByeT 
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fAaBa 1 . Hto TaKoe KocMOAorwfl? 



aHTHBemecTBO m t. n. riepeHHCJieHHbie npoGjieMbi TecHo cBH3biBa- 
iot coBpeMeHHyK) KOCMOJiorHio h 4> H3HK y 3JieMeHTapHbix HaCTMU 
h aKTHBHo HccjieayroTCH KaK KocMOjioraMH, TaK h cneuHajiHCTa- 
mh no (j)H3HKe. Oco3HaHHe Toro <|>aKTa, qTO b paHHeft BcejieHHoft 
6wjia BbicoKaa TeMnepaTypa m 3HeprnH 3jieMeHTapHbix nacTHij jxo- 
CTurajin 3Ha4eHHH, o kotophx MOiyr TOJibKO MeqTaTb cneunajiHCTbi 
no ycKopnTejiHM ajieMeHTapHbix mcrun, no3BOJiaeT wHor^a Ha3biBaTb 
BcejieHHyio «ycKopHTejieM GezjHoro nejioBeKa». Cmwcji 3toto BbicKa- 

3bIBaHHH B TOM, HTO B paHHCH BceJieHHOH eCTCCTBeHHblM o6pa30M 

peajiH30BbiBajiHCb 3HeprnH, Ha mhoto nopn^KOB npeBbiiuaiomne Te 
3Heprnn, KOTopwe cero^HH flocrynHbi (J)H3HKe ycKopMTejieft. 

BeccnopHO, ochobhoh hctohhhk nporpecca kocmojiothh — 
pa3BMTne coBpeMeHHOH Ha6jiK>flaTejibHOH tcxhhkh, CTaHOBJieHne 
acTpoHOMM4ecKoro h KOCMHHecKoro 3KcnepMMeHTa. 3#ecb cjie^yeT 
ynoMHHyrb KaK pa3BHrae KJiaccHHecKnx Ha6jno^eHHH c noBepxHOCTH 

3eMJIH, TaK H pa3BHTHe Ha6jIK)fleHHH H3 KOCMOCa, CfleJiaHHblX KOCMH- 

necKHMH annapaTaMM, Hanpmviep, cnyraHKaMH «PejiHKT» n «COBE». 

CjieayiomHM (^aicropoM ycnexa hbjihctch pa3Bn™e 4)H3H4ecKOH 
TeopnH. Cjie^yeT CKa3aTb, hto KocMOJiorna b uejioM ncnojib3yeT, 
npoK^e Bcero, o6myio Teopnio oTHocHTejibHocra, a TaioKe jxocth- 

2teHHH KBaHTOBOH TeopMH H flOCTHXeHHfl COBpCMeHHOH (J)H3HKH 

3JieMeHTapHbix qacTnu. Moaoio ynoMHHyrb, hto 3anpocw kocmojio- 
run pacTyr 3Ha4HTejibHO 6wcTpee, hcm bo3mo^chocth coBpeMeHHoro 
4>n3H4ecKoro 3KcnepnMeHTa. Ilo3TOMy b KOCMOJiornn ncnojib3yioT- 
ch (|)M3nHecKHe TeopwH, eme He npoBepeHHbie b 3KcnepHMeHTe. 
Bojiee Toro, ecjiw HecKOjibKO flecaTHJieraH na3ajx njm o6bHCHeHHH 
acTpoHOMHHecKHx HBjieHHH, TaKHx KaK 3HeproBbmejieHHe b 3Be3#ax, 
aKTMBHO Hcnojib30Bajiacb 4>H3HHecKaH TeopnH 1 ^, to Tenepb HaGjno- 
^aeTCH o6paTHoe HBjieHHe — acTpoHOMMnecKne h KocMOJioranecKHe 
aaHHbie Hcnojib3yioTca njm npoBepKH (J)H3HHecKnx Teopwn Ha «)KH3- 
Hecnoco6HOCTb». Ozihoh H3 jiyHiunx npoBepoK TaKoro po^a hbjih- 
eTCH cpaBHeHHe npeflCKa3aHHH OTOejibHbix Teopnii c pe3yjibTaTaMH 

Ha6jIK)^eHHH aHH30TponMM peJIHKTOBOrO M3JiyHeHHH. 

1 ) OH3HHecKHe TeopHH nojiynajiH daTyc hcthhhmx TeopHH nocjie TmaTeJibHOH 
npoBepKH hx b jia6opaTopn5ix. 



HeAaBHflfl MCTopMfl m nepcneKTMBbi KOCMOAornn 
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Eme o#hh acneKT coBpeivieHHOH kocmojiofhh CB»3aH c H3yneHH- 
eM pacnpcaejieHHH TeMHOH, hcbh^hmoh, MaTepHH. OTKpbiTHe Toro 
(J)aKTa, 4to Ham mhp Ha 90 % coctoht H3 BemecTBa HenoHHTHOH npn- 
po^bi, oKa3aji CHjibHoe bjihhhhc Ha 4>h3mkob. Bh3ob, npHHeceHHbift 

TTHM npOCTHM 4>aKTOM, npHBJieK BHHMaHHe COo6meCTBa <j)H3HKOB 
K Ha6jIK)^eHHHM, CBH3aHHbIM C aCTpOHOMHeH. XOTH (J)H3H4eCKHH 

iioaxofl k npo6jieMe 3Ha4HTejibHO oTJiH^aeica ot acTpoHOMH^ecKoro, 
MccjieaoBaHHH nepenjieTaioTCH, ^aBaa nnmy KaK acrpoHOMHH, TaK 

M (J)M3HKe. 

K MOMeHTy, Kor^a nwiueTca KHHra, caM (J>aKT cyme cTBOBaH hh 
reMHoft MaTepHH He Bbi3biBaeT comhchhh. OflHaKO, npnpoaa 3toh 
MaTepHH flo chx nop HeH3BecTHa. Bo MHoroM aaace HeH3BecTHa 
(|)opivia, b KOTopoH 3to BemecTBO npMcyTCTByeT bo BcejieHHOH. OHa 
MoxeT 6biTb, HanpwMep, b <j)opMe CBH3aHHbix Teji, noao6Hbix njia- 
MeTaM h 3Be3,zi,aM, a MoaceT 6biTb b pacnpeaejieHHoft (fropMe, KaK 
MaTepHH, cocToamaa H3 3JieMeHTapHbix 4acraij, pacnpe^ejieHHbix 

II n pocTpaHCTBe . Bnojme bo3mo)kho, hto bo BcejieHHOH cymecTByeT 
necKOjibKO bh^ob TeMHOH MaTepHH, KaagjbiH H3 KOTopwx cymecTByeT 
h onpewJieHHOH (j)opMe, otjihhhoh ot .zipyrax bh^ob. C 3thmh hc- 
cjieaoBaHHHMH TecHo CBH3aHbi Ha6jno^aTejibHbie Hccjie^OBaHHH rpa- 
HUTauHOHHbix jihh3 h KpynHOMaciirra6HOH CTpyicrypbi BcejieHHOH. 

HeAaBHsiR MCTopMn m nepcneKTMBbi kocmoaoi-hh 

HoBbie otkpmthh b KocMOJiorHH cne^yioT o^ho 3a flpyrHM. 
Ilocne oTKpbiTHH pejiHKTOBoro H3JiyneHH5i (cepe^HHa 60-x to^ob 
XX BeKa), KpynHOMacuiTa6HOH crpyierypbi BcejieHHOH (kohcij 70-x, 
ici'iano 80-x to^ob) nocjieaoBajio OTKpbiTHe aHH30TponHH pejiHK- 
POBoro H3jiyneHHa (1992 roa). IlocjieziHHe ro^bi yuie^uiero BeKa 
upMHecjiH HOBoe oTKpbirae. Cefwac oho yxe He3aBHCHM0 no^TBep- 
*jieHO TpeMa rpynnaMH h HBjiaeTca caMbiM HHTepecHbiM OTKpbiTHeM 
nayKH KOHua BeKa — HMeeTCH b BH^y OTKpbirae Toro 4>aKTa, 4to 
Mama BcejieHHaa paciunpaeTCii c ycKopeHHeM. YcKopeHHoe pac- 

I I I h pe h ne Moaoio o6t5icHHTb HajiHHHeM MaTepHH oco6oro BH#a — 

*KHHHT3CCeHUHH». HHHerO nOflOGHOTC) 3TOMy BH^y MaTepHH B 3eM- 

hux yc^oBHHx He cymecTByeT. Ilo cbohm CBOHCTBaM OHa no,ao6Ha 
iiaKyyMy, ho o6jia#aeT HeHyjieBOH njioraocTbio. 
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fAaBa 1 . Hto TaKoe KOCMOAorkia? 



CymecTByeT jim TaKoe BemecTBO hjih, jiymue cKa3aTb, HOBaa 
4>opivia MaTepHH — 06 3tom HaM 6yaeT h3bcctho b 6yaymeM. 

HaKOHeu, o^hhm H3 caMbix yBJieKaTejibHbix cioaceTOB coBpeMeH- 
hoh kocmojiothh aBjiaeTca Hccjie^OBaHHe oneHb paHHeft BcejieHHOH, 
ee 3bojiioij;hh b nepBbie ceKymu>i nocjie Bojibiuoro B3pbiBa. 3kc- 
nepHMeHTajibHwe aaHHbie 06 3thx cTaawax 3bojiiouhh BcejieHHOH 

nOHTH OTCyTCTBy K)T , HO 3Ha4eHHe TaKHX HCCJieflOBaHHH BeJIHKO. Ohh 

no3BOJiHK)T Ha ypoBHe nepBbix npHHimnoB oTBeraTb Ha Bonpocw, 
KOTopwe He npHHa^jieacaT k npo6jieMaM (J)H3hkh hjih acTpoHOMHH, 
a hbjihiotch, cKopee, Haw6ojiee o6ujhmh BonpocaMH coBpeMeHHoro 

eCTeCTB03HaHHH. 

KocMOJioraa HMeeT xopouiwe uiaHcw ciaTb «cynepHayKoii» XXI 
Beica — HayKoii, KOTopaa o6t>cothht ycmiwa acTpoHOMOB, kocmo- 
jioroB h 4)h3hkob. Ceitaac TaKaa HOBaa HayKa yace 4>opMHpyeTca. 
B aHrjio»3biHHOH jiHTepaiype OHa hocht Ha3BaHHe "Astroparticle 
Physics", b pyccKOH3biHHoft jiHTepaType HecKOJibKO TaacejioBecHoe 

Ha3BaHHe «KOCMOMHKpO(|)H3HKa». 

XoneTCH CKa3aTb HecKOJibKO cjiob o tom, KaK HaHHHajiacb Hayxa 

«KoCMOMHKpo4)H3HKa». 

BepHeMca b BOCbMH^ecaTbie roabi. 3noxa nepecrpoiiKH, rjiacHO- 
cth, BpeMfl HajxGiKjx Ha jiy*miee, pe3Kaa aKTHBH3auHa o6mecTBeHHoft 
xm3hh. B Te roflbi 6wji 3ajio^ceH 4>yH,aaMeHT hoboh HayKH. Hhhijh- 

aTOpOM 3apO)KfleHHfl KOCMOMHKpO(J)H3HKM 6bIJI BbmaK>mHHCa COBCT- 

ckhh (|)H3hk, KocMOJior — aKaaeMHK AH CCCP fl. B. 3ejibflOBH4. Oh 
npejyioacHji co3flaTb Hay^Hbift cobct no hoboh npo6jieMe. E[po6jie- 
Ma 6bijia ycjiOBHO Ha3BaHa «KocMOJiorHa h (J)H3HKa 3JieMeHTapHbix 
4acrau». HoBoe aejio noTpe6oBajio ycnjiHH — b nacTHOc™, opraHH- 
3auHOHHbix, 6iopoKpaTH4ecKHx ycHjiHH. Mkob Bophcobhh He ycneji 
ocymecTBHTb cboio naeio, 2 aeKa6pa 1987 r. ero He dajio. H^ea 

04>0pMJieHHH HOBOH HayKH npOflOJDKaJia 2CHTb. K TOMy BpeMeHH 

H3 ccbuiKH BepHyjica aKa^eMHK A. J\. CaxapoB, KOTopoMy npe3HflH- 
yM AH CCCP nopyHHJi B03rjiaBHTb HayHHbiH coBeT. TaKOH cobct 
BCKope 6bui c(J)opMHpoBaH, oh 6bui Ha3BaH «KocMOJioraa h mh- 
Kpo4)H3HKa», ero ijejiH h 3aaa*ra 6buiw c4>opMyjiHpoBaHbi b craTbe, 
ony6jiHKOBaHHoft b «BecTHHKe AH CCCP» [7], 3iy ciaTbio noaroTO- 

BHJI KOJUieKTHB aBTOpOB, KOTopwe Ha TOT MOMeHT aBJiajIHCb CaMblMH 
KBaJIH4)HUHpOBaHHbIMH CneiJHaJIHCTaMH B o6jiaCTH KOCMOJIOrHH. 



HeAaBHsw ncTopuji m nepcneKTMBbi KOCMOAornn 
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HmepecHa cyab6a aBTopoB craTbn b «BecTHMKe AH CCCP». 
C. O. IlIaH^apMH, JI. A. Ko(J)MaH, A.JX. JlHH^e ceftnac >KMByr h pa6o- 
raioT b CIUA, A. JI. ,H,ojiroB — b HTajran. M. K). XjionoB hbjihctch 
npe3M^eHTOM UeHTpa no H3yneHMio kocmomhkpo$h3hkm «Kocmh- 
oh», MocKBa, Pocchh, A. JI. Cy^apHKOB daji coTpyjjHHKOM Mm- 
MMCTepcTBa no Hayice PO. B. JI. AcJmHacbeB, M. KapaiemjeB, 
K). H. riapHHCKHtt, M. B. CaxHH, fl. 3. 3ftHacTo npo^ojiacaioT pa- 
OoTaTb b cbomx HayHHbix ynpoKaeHUHx. Tpex aBTopoB — 51. B. 3ejib- 
;u)BM4a, A. fl. CaxapoBa h B. A. JlnnoBeuKoro — yace HeT c HaMH. 
C oBd Toxe, k co>KajieHHK), npeKparaji CBoe cymecTBOBamie. Te- 

liepb pOJIb KOOpOTHaTOpa MCCJICaOBaHHH no KOCMOMHKpO(|)H3IIKe 

Mi>inojiHHeT no^ceKUHH ceKunn coBeTa no acTpoHOMnn npe3HanyMa 
PAH. Bo3rjiaBjiHK)T 3Ty noflceKUHio #Ba Koop^nHaTopa — npo(J)eccop 
M. K).XjionoB h qjieH-KoppecnoH^eHT PAH A. A. Crapo6HHCKHH. 

MHTepecHo cpaBHHTb 3a^a4H, ony6jiHKOBaHHbie b 1989 r., c co- 
MpcivieHHbiM nojioaceHHeM rqji. Xaajiocb npcayra^aTb pa3BMTne Hay- 
kn b o6jiac™ H3y4eHHH KpynHOMacuiTa6Hon cTpyicrypbi BcejieHHon, 

M jyMeHHH peJIMKTOBOrO H3JiyHeHHH, B HaCTHOCTH, OTKpblTHe aHH30- 
ipOHHM peJIHKTOBOrO H3Jiy4eHMH. nOJIHOH HeOaCHflaHHOCTbK) CTaJIO 

(vixpbiTHe ycKopeHHoro pacuinpeHnH Harnett BcejieHHott. Y^ajiocb 
npe^yra^aTb TeHaemjHH pa3BHTMH kocmomhkpo(J)H3Hkh — co3#aHne 
iiMiuiorn^Hbix dpyKTyp BHa^ajie b CIIIA, a 3aTeM b BejinKo6pirra- 
HHM, OpaHUHH, HTajiHH m flpyrnx CTpaHax. KaK bh^ho h3 3Toro 
iicpeHHCJieHHH, HOBan Hayica HMeeT xopoiime nepcneKTMBbi. 



TCCTbl KOCMOAOrMM 

KaK m BCHKafl HayKa, KocMOjiorafl HMeeT Ha6op HaGjiiofleHHH hjih 3KC- 
nepHMeHTajibHbix CBH^eTejibCTB, KOTopwe hbjijhotch nun Hee kphthhcckhmh. 

KaamblH H3 TaKHX 3KCnepHMeHTOB 6bIJI peiUaiOlUMM B CTaHOBJieHHH coBpe- 
MeHHblX B3DI$mOB Ha 3BOJHOIJHIO m CTpoeHMe Hauieii BcejieHHoii. OnHiueM 

HMeHHO TaKHe KpHTHHeCKHe Ha6jIK)^aTejIbHbie TCCTbl KOCMOJIOrHM. 

PacuinpcHMe HauieH Bcca€hhom 

CaM (|)aKT pacuiHpeHHH BcejieHHoii cHHTajica TBepjjo yeraHo- 
BjieHHbiM yace HecKOJibKo ^ecflTHJieraH Ha3a#, xoth npHHHHbi, npn- 
BeauiHe k TaKOMy 3aKOHy 3bojiiouhh, BnjioTb ro nocjiczmero BpeMe- 
hh ABJiajiHCb 3ara^04HbiMH. CTaH^apTHaa KOCMOJionmecKaa Mo^ejib 
OpH^MaHa He Morjia oTBeTHTb Ha Bonpoc o 4>H3HqecKHx npmvL- 
Hax pa3JieiaHHH rajiaKTHK, hccmotph Ha to, mo chjim npHTaaceHHH 
npoTHBOflewcTBOBajiH 3TOMy pa3JieTy. Otbct Ha 3tot Bonpoc yzjanocb 
^aTb jiHiub b nocjie^HHe ro^bi 6jiaroAapH npHMCHeHHK) pe3yjibTa- 
tob, nojiyneHHbix b coBpeMeHHOH <J)H3HKe 3JieMeHTapHbix qacTHU, 
k paHHett BcejieHHoii. 

3aKOH pacuiwpeHHa 6bui 3KcnepwMeHTajibHO o6HapyaceH cjie^y- 
iomHM MeTOWM. 3. Xa66ji nocipoHji zmarpaMMy: CKopocTb yaajieHHH 
rajiaKTHKH— paccTOHHHe ao 3Toft rajiaKTHKH 7. PacnojioacHB aaHHbie 
o cKopocra h paccTOHHHH #o rajiaKTHK Ha AMarpaMMe (no ropH30H- 
TajibHoft och AHarpaMMbi — paccTOHHHe ro KaKOH-jiH6o rajiaKTHKH, 

^ Xoth ceftnac no ckopocth BHerajiaKTimecKoro o6i>eKTa mo)kho onpeaejMTb 
paccTOAHHe ao Hero, npHHeM b cjiynae Gojimiihx CKopocTeft 3TO 6yzieT aoBOJibHO 
T04Hoe onpeaejieHHe, ycTaHOBjieHHe 3aKOHa Xa66jia Tpe6oBajio KaK H3MepeHMH ero 
ckopocth, TaK h H3MepeHHH paccTOHHHH flo Hero. 



PacujHpeHne HaweM BceAeHHOM 
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0 20 40 60 80 100 

PaccTOHHMe, MnK 

Pmc. 2.1 . AnarpaMMa Xa66Aa, nocTpoeHHaa aaa Bbi6opKM raAaicruK no mctoay Tyaam- 
OkiLuepa. no BepTMKaAbHOH och OTAOxeHa CKopocTb vAaAeHMJi raAaKTMKn b Tbicanax 
KHAOMdpoB b ceic/HAy, no ropn30HTaAbHoPi - paccTOAHkie b AecflTKax MeranapceK 

no BepTMKajibHott och — ee CKopocTb (cm. pwc. 2.1)), 3.Xa66ji 06- 

HapyXMJI XOpOUiyK) KOppejIHIJHK) «CKOpOCTb — paCCTOHHMC». CpeflHHH 

jimhhh, noKa3biBaK>maH, KaK cBH3aHbi CKopocTb ^ajieKow rajiaKTHKM 
b 3aBMCMMOCTH ot paccTOHHHH flo Hee, Tenepb Ha3biBaeTca fioctohh- 
hoh Xa66jia. 3ia 3aBMCMMocTb noKa3ajia, 4to 4eM a,ajibine rajiaKTHica, 
TeM 6bicTpee oHa yzjajiaeTca ot Hac. 

M3MepHTb CKopocTb b adpoHOMHH npocTo — no 34>4>eKTy 
^onnjiepa. H3jiyHeHne c /uimhoh bojihw X e ot He6ecHoro oGteicra, 
KOTopbiM yaajiaeTca ot Ha6jiio,aaTejiH co cKopocTbio v — zc, 6yaeT 
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fAaBa 2. Tecrbi KOCMOAornn 



HMeTb flJIHHy BOJIHbl 



b CHcrreMe OTcneTa Ha6jno,zjaTejiH. z Ha3biBaeTca KpacHbiM CMemeHH- 
eM o6i>eKTa. KpacHbiM cMemeHHe Ha3biBaeTca noTOMy, 4to b cneK- 
Tpax ^ajieKHX rajiaKTMK jihhhh ecex xhmhhcckhx 3JieMeHTOB 6biJiH 
CMemeHbi TaK, hto zuiHHa H3jiyHeHHH Ka^oii jihhhh 6bma 6ojibine, 
neM y cooTBeTCTByiomero ajieivieHTa b 3cmhoh jia6opaTopHH. JIhhhh 
Bcex 3jieMeHTOB 6mjih CMemeHbi b cTopoHy KpacHoro UBeTa, no3To- 
My CMemeHHe h nojiyHHJio Ha3BaHHe KpacHoro. fljia onpeaejieHHH 
KpacHoro cMemeHHa o6T>eKTa, a cjicaoBaTejibHo, ero ckopocth, H3- 
MepaeTCH cneicrp KaKoro-jinGo BHerajiaKTHqecKoro o6T>eicra h cpaB- 
HHBaeTca c jia6opaTopHbiM cneKTpoM cooTBeTCTByiomHx xhmhhcckhx 
3JieMeHTOB. no pa3HHue Ha6jnoaaeMbix jihhhh h jia6opaTopHbix jih- 
hhh onpeaejmeTCfl KpacHoe CMemeHHe, a cjieaoBaTejibHo h CKopocTb 
o6i>eKTa. 

Tpy^Hee H3MepHTb paccTOHHHe. PaceroHHHe ro nojjaBjraiome- 
ro 6ojibuiHHCTBa acTpoHOMHHecKHX o6i>eKTOB (icaic rajiaKTHHecKHx, 
TaK h Bcex BHerajiaKTHHecKHx) HacTOjibKo bcjihko, hto o6bmHbie 
MeTOflbi H3MepeHHH THna TpnroHOMeTpHHecKoro napajuiaKca 3,aecb 
HenpHro^Hbi. 

Run H3MepeHHH paccroHHHH b acTpoHOMHH mnpoKo Hcnojib3y- 
eTCfl MeTOA «4>OTOMeTpH4ecKoro napajuiaKca». ^jia Toro *rro6bi o6i>- 

flCHHTb, KaK MO)KHO Onpe^eJIHTb paCCTOHHHe no (J)0T0MeTpH4eCKHM 
Ha6jIK)^eHHHM, npHfleTCH HanOMHHTb HHTaTeJIIO OCHOBHbie nOHHTHfl 
OnTHKH. HCTOHHHK CBeTa H3JiyHaeT (j)OTOHbI, MOIUHOCTb HCTOHHHKa 

b onTHKe Ha3biBaeTCH ero CBeTHMocTbio. OHa H3MepaeTCH b Barrax. 
Ka>KabiH 3HaeT, hqm ^ajibiue ot HCTOHHHKa CBda, TeM cjia6ee ero 
apKOCTb. OoTOMeTpH^ecKHe HHCTpyMeHTbi (KaK h rjia3 qejiOBeKa!) 

H3Mep5HOT He MOmHOCTb HCTOHHHKa, a nOTOK (})OTOHOB B TOM MeCTe, 

me pacnojioaceH HHcrpyMeHT. IIotok oGparao nponopuHOHajieH KBa- 
apaTy paccTOHHHH ot HCTOHHHKa. 3Ha4HT, ecjiH Ha6jno,aaTejib 3HaeT 
CBeTHMOCTb HCTOHHHKa h MoaceT H3MepHTb noTOK cBeTa ot Hero, 

OH MO)KeT BbmHCJIHTb paCCTOHHHe £0 HCTOHHHKa CBeTa. 3TOT MeTOA 

h hocht b acTpoHOMHH Ha3BaHHe «(J)OTOMeTpHHecKoro napajuiaKca». 
fljia H3MepeHHH (|)OTOMeTpHHecKoro napajuiaKca Heo6xo#HMO 3HaTb 

CBeTHMOCTb aCTpOHOMHHeCKHX HCT04HHKOB. CBeTHMOCTb Ka>K£OrO 
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HCTOHHHKa 3HaTb HeB03MO^cHO. Ho moscho npH6jiH3HTejibHo onpe^e- 

JIHTb CBeTHMOCTb OflHOH nOnyjIHIJHH aCTpOHOMH4eCKHX HCTOHHHKOB. 
M02CHO AOCTaTOHHO TOHHO H3MepMTb Cpe^HFOK) CBeTHMOCTb HCT04- 

HHKa, npHHa^jieacamero KaKOH-jiH6o nonyjuiuHH. Ecjih pa36poc CBe- 

THMOCTeft OTOejIbHblX HCTOHHHKOB OTHOCHTCJIbHO CpeflHeiX) 3Ha4CHHH 

HeBejiHK, to 3Ty nonyjiHUHio moxho Hcnonb30BaTb ana onpeaejieHHa 
$oTOMeTpHHecKoro napajuiaKca, a cjie^OBaTejibHO, flJia H3MepeHHH 

paCCTOHHHH flO 3THX HCT04HHKOB. MHOrMe nOKOJieHHH aCTpOHOMOB 

Me^TajiH 06 OTKpbiTHH TaKoft nonyjuiuHH hctohhhkob h aaace aajiH eft 
Ha3BaHne «CTatmapTHaH CBeqa». 0,uhhm H3 nprnviepoB TaKOH nonyjra- 
Uhh Moryr cjiy>KMTb uecfreHflbi — nepeMeHHbie 3Be3#bi, nepnofl H3Me- 
hchhh 6jiecKa kotopwx npHMO nponopuHOHajieH cbcthmocth 3Be3flbi. 

O^HaKO, 60JIbIIIHHCTBO aCTpOHOMHHCCKHX HCTOHHHKOB o6jia#a- 

jih 6ojibiuHMH pa36pocaMM cBeTHMOCTM BHyrpH o^hoh nonynauHH. 
KaK cjie^cTBHe, ohm aaBajiH HH3Kyio tohhoctb npn H3MepeHH5IX 

paCCTOHHHH. Il03T0My B aCTpOHOMHH HX CTaJIH Ha3bIBaTb He «H3Me- 
pHTeJIHMH», a «HH^HKaTOpaMH» paCCTOHHHH. 

B pa3JiH4Hoe Bpeivia b KanecTBe HH^HKaTopoB paccroHHHH bh- 
ciynajiH pa3JiH4Hbie KOCMHHecKHe o6i>eKTbi. BHanajie acTpoHOMbi 
Hcnojib30BajiH TaKHe o6i>eKTbi KaK miaccHHecKHe ue(j)eH£bi (KOTopwe 
b TeneHHe ^ojiroro BpeMeHH cjiyacujiH o^hhm H3 jiyninHx HH^HKaTO- 
poB paccTOHHHft), 3Be3flbi rana RR Jlnpbi, rana W Virginis, o6jiaKa 
H II h t. n. IlpoHHKHOBeHHe Bee rjiy6>Ke bo BcejieHHyio Tpe6oBajio 
Bee 6ojiee apKHx o6i>eKTOB. Ha KOCMOJionmecKHX paccTOHHHax aa>Ke 
rajiaKTHKH aaiOT Majio CBeTa. ^HTaTejiH, acejiaiomne 6ojiee no#po6- 
ho y3HaTb 06 acTpoHOMHH h ee npo6jieMax, Moryr 03HaK0MHTbca 
c npeKpacHbiMH KHHraMH [4, 8, 10]. 

IlocTpoeHHe xa66jiOBCKHX anarpaMM, cBH3biBaiomHx KpacHoe 
CMemeHHe o6i>eKTa (sKBHBaneHT ckopocth) h paccTOHHHe jxo o6t>- 
eKTa, jio chx nop hbjihctch o^hhm H3 BaacHeHiunx tcctob Ha6jno- 
^aTejibHOH KocMOJiorHH. Oho no3BOJiaeT He TOJibKo onpcaejiHTb 
nocTOHHHyio Xa66jia, ho h reoMeTpnio Hamen BcejieHHOH. 

IIocjie^Hee BpeMH b KanecTBe caMoro jiynuiero HH^HKaTopa 

paCCTOHHHH HCnOJIb30BaJIOCb H3MepeHHe nOBepXHOCTHOH HpKOCTH 

rajiaKTHK mctoaom TyjuiH— Oniuepa. Ha pnc. 2.1 npeacraBJieHa 
xa66jiOBCKan anarpaMMa nocTpoeHHaa no Mera^y acTpoHOMOB TyjuiH 
h Onmepa. HaKJiOH np»MOH hbjihctch nocTOHHHoft Xa66jia. 
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ByKBajibHO b nocjie^HHe rozibi 6bui Haft^eH hctohhhk, kotopwh 
MoaceT paccMaipHBaTbCH KaK «cTaH#apTHa*i cBena*. 3to cBepxHOBbie 
3Be3^bi (SN) Tuna la. TaKaa 3Be3#a HMeeT BbicoKyio CBeTHMOCTb, 
HHor^a cpaBHMMyK) co CBeraMOCTbio Been rajiaKTHKH, b kotopoh 
OHa BcnwxHBaeT [10]. CBepxHOBbie 3Be3flbi no3TOMy xopouio bh^hm 
Ha MexraJiaKTHHecKHX paccTOHHHax. 3Be3flbi ™na SN la o6jia- 
^aiOT oneHb xopoiueft oflHopo^HOCTbio cbcthmocth b MaKCHMyMe 
6jiecKa. Pa36poc (hjih, KaK tobopht acrpoHOMbi, flHcnepcHa) CBe- 

THMOCTH B MaKCHMyMe 6jieCKa ZtHH 3TOH Bbl6opKH 3Be3fl COCTaBJiaeT 

6m « 0,3-0, 5 m 3Be3flHOH bcjih^hhw. 3to o4em> Majio, npeatHHx 
HH^HKaTopoB paccTOHHHH 3Ta BejiH4HHa 6bijia b HecKOJibKo pa3 60JIb- 
uie. IIocKOJibKy 3Be3zmaH BejiHHHHa — jiorapH^MHHecKan xapaicrepH- 
dHKa cbcthmocth , to noTOK 3HeprHH ot npeatHHx HH^HKaTopoB pac- 
ctohhhh pa3JiHqajiCH b aecflTKH pa3, mo h Bbi3biBajio 6ojibiuyio He- 
onpeaejieHHocTb b onpe^ejieHHH paccTOHHHH. Tenepb TaKaH Heonpe- 
^ejieHHOCTb CBeaeHa k MHHHMyMy. BBH,ny BaatHocra nojiyneHHbix 
pe3yjibTaTOB h qyBCTBHTejibHocra Merofla onniiieM ero no,n;po6Hee. 
Hctohhhk THna «cTaH^apTHaH CBe4a» npeflCTaBjraeT H3 ce65i 

HCT04HHK C H3BCCTHOH CBCTHMOCTbK). TaK, JUl^ CBepXHOBblX THna 

la, no cneicrpy h kphboh 6jiecKa (nocKOJibKy CBepxHOBbie 3Be3flbi 
hrjwiotch HecTauHOHapHbiMH HCTOHHHKaMH 6jiecKa, to cymecTByeT 

3aBHCHMOCTb CBCTHMOCTH HCTO4HHKa OT BpeMCHH, KOTOpaH H Ha3bl- 

BaeTCH kphboh 6jiecKa) mokho onpe^ejnrrb cbcthmoctb 3toh 3Be3- 

flbl. IlOTOK CBeTOBOTO H3Jiy4eHHH, KaK H3BeCTHO H3 Kypca IHKOJIbHOH 

(J)H3hkh, y6biBaeT o6pa™o nponopuHOHajibHO KBaapaTy paccTOHHHH 
ot HCTOHHHKa. H3MepHH Ha 3eMjie 6jiecK cBepxHOBoii, BcnbixHyBineii, 
CKaaceM, b aajieKOH rajiaKTHKe, h cpaBHHBaa ero co cBeTHMOCTbio, 
mohcho onpe^ejiHTb paccroHHHe jio o6T>eicra. 

Ecjih hcto4hhk o6jia#aeT 6ojibiuoH ^HcnepcHeii CBeTHMOCTH, 
to oh Henpnro^eH w Hcnojib30BaHHJi b KanecTBe HHflHKaTopa pac- 

CTOHHHH. SN la B 3TOM OTHOUieHHH yHHKaJIbHbl. IlpH yHCTe TOHKHX 

fleTajieft cneicrpa BcnwuiKH, a TaioKe npn yneTe cbcthmocth He TOJib- 
ko b bh^hmom, ho h b yjibTpa(J)HOjieTOBOM flHana30He, ^HcnepcHH 
CBeraMocTH b MaKCHMyMe 6jiecKa MO)KeT 6biTb yMeHbineHa BnjioTb 
ro 6m « 0,15 m . Xopouiaa o^HopoaHOCTb 3toh nonyjrauHH 3Be3#, 
a TaioKe hx 6ojibiiiaH cBeTHMOCTb b MaKCHMyMe 6jiecKa, cpaBHHMaa co 
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CBeTHMocTbio uejioft rajiaicraKH, ^ejiaioT 3Ty nonyjiauHio 3Be3# H^e- 
ajibHbiM HHZtfiKaTopoM onpezjejieHHH paccTOHHHH b KocMOJioran. 

Ceifaac HecKOJibKo rpynn acTpoHOMOB aKTHBHo Be^yr nccjie^o- 
BaHHH CBepxHOBbix 3Be3# TMna la. OcHOBHaa 3a#a4a 3thx nccjie^o- 

BaHHH 3aKJIK)HaeTCH B TOM, HTO6bI Ha6jIK>#aTb KdK MOXHO 60JIbIIie 

coShthh — BcnwineK CBepxHOBbix 3Be3#, hto no3BOjiHT ToqHo onpe- 
flejiHTb napaMeTpbi BcejieHHott. 3aperncTpnpoBaHO MHoro BcnbiiiieK 
SN la, nponciuejjuiHx cpaBHMTejibHO 6jih3ko k HaM (z « 0,1). 
BcnwineK b flajieKHx rajiaKTMKax, Haxcwminxca npw z ~ 1, notca 
H3BecTHo He^ocTaTOHHo. BcnwuiKM SN la b flajieiaix ranaKTHicax 
oco6eHHO Ba)KHbi, nocKOJibKy no3BOji»T He TOJibKo onpe^ejiHTb no- 
CTOHHHyio Xa66jia, ho m H3MepHTb napaivieTp njioTHocra BcejieHHOH, 
a HMeHHO ee reoMeTpnio. 

IlpeaBapHTejibHbie pe3yjibTaTbi 3thx Mccjie^oBaHHH moscho cyM- 
MHpoBaTb TaKHM o6pa30M. o6pa6oTKH b KanecTBe kocmojiohi- 

26 r i 1 i — I — l — I I I i i 1 1 — i — I — I I I 




KpacHoe cMemeHMe, z 
Pmc. 2.2. A^arpaMMa Xa66Aa, nocrpoeHHaa no 42 CBepxHOBbiM 3Be3AaM Tuna la 
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necKHX HH^MKaTopoB pacdOHHHH ceftnac OTo6paHO npMMepHo 100 
co6wthh — BcnwiueK CBepxHOBbix b rajiaKTHKax. Ha phc. 2.2 
noKa3aHO pacnpcaejieHne H3MepeHMH napaMeTpoB CBepxHOBbix 3Be3fl 
OTJioxeHHbix Ha flHarpaMMe Xa66jia. 

Tpynna acipoHOMOB, coBepuiMBiuHx 3to oucpbrrae, npH aHa- 
jiH3e Hcnojib30Bajia npHMepHo 30 Bcnbiuieic, KOTopbie Haxcwuca 
6jih3ko k HaM (no KocMOjioranecKHM MacmTa6aivi), npH z < 0,15 
(HanoMHHM, 4to 3to cooTBeTCTByeT paccTOHHMio ao hmx nopa,n;Ka 
1 raranapceKa). ,H,onojiHHTejibHbie co6biraH, pacnojioaceHHbie npw 
6ojibiiiHx 3Ha^eHMHx KpacHoro CMemeHHH 0,35 < z < 0,55 (o6mee 
hhcjio TaKMx aajieKHx co6biTHH cocTaBjiHCT 16 Bcnbimeic), ncnojib3y- 

IOTCH JU15L (J)HKCaUMH IIpHMOH npH 60JIbIIIHX 3Ha4CHMHX Z. Ha6jIK)- 

^anacb TaioKe o,zma Bcnbimica c KpacHbiM civiemeHHeM 0,62 h o^Ha 
c KpacHbiM cMemeHHeM 0,97. 

OopMyjia ajih paccTOHHHa, onpeaejifleMoro no aHajnoy Bcnw- 
iueK, Ha3biBaeTC5i ypaBHemieM (J)OTOMeTpn4ecKoro pacciwiHHH 2 \ 



3flecb L — BHyrpeHHHH CBemMocTb SN la, F ee Ha6jno,n;aeMbiH 

nOTOK. Bo 4>PMflMaHOBCKOH KOCMOJIOrHHeCKOH MO^eJIH (J)OTOMeTpH- 

HecKoe paccTOHHHe Ri hbjihctch 4>yHKuneH, BOo6me roBopa, mecTH 
napaMeTpoB: nocTOHHHoft Xa66jia, KpacHoro CMemeHHfl, TonojiornH 
BcejieHHon, a TaioKe HecKOJibKHX napaMeTpoB njioTHocra. 

fljiH aHajiH3a Ha6jno,aaeMbix flaHHbix adpoHOMbi Hcnojib30Bajin 
#Ba MeTO,aa: MeTOfl (J)opMHpOBaHMH kpmbmx 6jiecica b HecKOJibKHX 
UBeTax (MLCS) h Mdo^ uia6jioHHbix KpuBbix. nocTOHHHan Xa66jia, 
onpe^ejieHHaa nepBbiM mcto^om, cocTaBjraeT H = 65,2 km/c/Miik, 
BTopon Mdoa nm 3HaneHHe H = 63,8 KM/c/Mmc. Kohchho, 3Ha- 
neHHH nocTOHHHOH Xa66jia, onpe^ejieHHbie KaambiM MeTO^OM, He- 
MHoro pa3JiHMaiOTCH. AcTpoHOMbi Ha3biBaiOT 3TO pa3jiHHne oium6koh 



HanoMHHM, 4to b KOCMOjiorHH cymecTByeT TpH ochobhwx onpeaejieHHH pac- 
ctohhhh: paflHOJiOKauHOHHoe paccTOHHHe (HeKOTopwe aBTopw Hcno;ib3yioT bmccto 
Hero MeTpHHecKoe paccTOHHHe); paccTOHHHe, onpeaejiaeMoe no cbcthmocth ((J)o- 
TOMeipH4ecKoe paccTOHHHe); paccTOHHHe, onpeaejmeMoe no BH#HMOMy pa3Mepy. 
B OTjinqne ot eBKjitmoBOH reoMeTpHH Bee TpH paccTOHHHH onpe^ejiHioTca pa3HMMH 

ypaBHeHHHMH. 




PacujkipeHMe HaiueM BceAeHHOM 
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MeToaa n roBopHT, mo H H3MepeHa c HeKOTopoft Heonpe^ejieH- 
HOCTbio. Heonpe^ejieHHOCTb iioctohhhoh Xa66jia ceifaac, OflHaKO, 
cocTaBjineT He6ojibiuyio nacrb cpe^Hefl bcjimhhhw, m HaH6ojiee pea- 
jiHCTHHecKoe 3HaneHHe fioctohhhoh Xa66jia no cBepxHOBbiM 3Be3^aM 
ecTb H — 65±7 KM/c/MnK. 3Ta 3anncb 03Ha4aeT, hto H He MeHbuie 
58 KM/c/MnK n He 6ojibine hcm 72 KM/c/MnK. 

DiaBHbift BbiBOfl Ha6jno,zi,eHHH BcnwuieK ,aajieKHX cBepxHOBbix 

3Be3fl H H3MepeHHH HX XapaKTepHCTHK CBH3aH He CO 3Ha4eHHeM 

napaMdpa Xa66jia, a c H3MepeHneM napaMeTpa ycKopeHHH Ha- 
uien BcejieHHon. Abtoph (A. OnjinnneHKo, A. Pence, C. IlepjiMyT- 
Tep, n. Hajuinc) yTBep^aiOT, hto mx H3MepeHH5i CBimeTejibCTByioT 
06 ycKopeHHOM pacuinpeHnn Hanien BcejieHHon. PiraK, nocjie ot- 
KpbunH b 1929 r. paciunpeHHH Hauiero Mnpa, t. e. H3MepeHHH yzjejib- 
Hoii CKOpocTH paciiinpeHna — napaMeipa Xa66jia, b 1998 r. Bnep- 
Bbie tfocTOBepHo H3MepeHa cjicayiomafl KHHeMaranecKaH BejinnnHa — 
yzjejibHoe ycKopeHne Hauiero Mnpa. Actpohomh nojiaraiOT, hto ycKO- 
peHne o6ycjioBJieHO cymecTBOBaHneM HeHyjieBoro 3Ha*ieHHe kocmo- 
jiornnecKon nocTOHHHon. 06a ynoMHHyrbix Bbime MeTO^a aaiOT 3Ha- 
qeHne KOCMOJiornnecKon nocToaHHon 6ojibiue Hyjia. 3HaneHne napa- 
MeTpa onpe^ejieHHoro nepBbiM mcto^om, ecTb: = 0,80±0,22; 

BTOpOH MeTOfl #aeT COOTBeTCTBeHHO J7a == 0>96 ± 0,20. KOHeHHO, 

aBTopw 3Toro OTKpbiraH no^epKHBaioT, hto o6Hapy«:eHne nojioatn- 
TejibHoro 3Ha4eHna KOCMOjiornnecKon nocTOHHHon eme Heo6xo,aHMO 
npoBepnTb, a TaiQKe, hto B03HHKaioma5i Heonpe^ejieHHocTb CBH3aHa 
He co cTaTHCTHHecKHMH, a c cncTeMaTHHecKHMH oiun6KaMn, TeM 
He MeHee pe3yjibTaTbi hbjihiotch Hpe3BbmaftHO Ba^HbiMn. 

Pnc. 2.3 noKa3biBaeT pacnpe^ejieHne flOBepmejibHbix HHTepBa- 
jiob Ha njiocKocm napaMeipoB f^A, Qm, nocHmaHHbix aBTopaMH 

OTKpblTHH. ^HTaTb 3TH pHCyHKH Ha^O TaK. BepOHTHOCTb TOrO, 4T0 

H3MepeHHoe 3Ha*ieHHe il\ jieacnT b npe^ejiax BHyrpeHHero 3juin- 
nca paBHa « 70 % . C BepoHTHOCTbio « 96 % H3MepeHHoe 3Ha- 
neHne npHHa^JieacnT o6jiacTH, noKpbiBaeMon 3JUinncoM cpe^Hero 
pa3Mepa, n, HaKOHeu, BHeumnn, caMbin 6ojibmon, 3juinnc noKpw- 
BaeT n3MepeHHbie 3Ha4eHna c BepoHTHOCTbio 99,7 %. Cennac, 
nocjie aonojiHHTejibHbix Ha6jnoaeHnn n H3MepeHnn apyrnx acrpo- 
homob n HaKoruieHHH aonojiHHTejibHbix Ha6jnoflaTejibHbix aaHHbix, 
3juinncbi, noKa3biBaiomne BepoaTHOCTb H3MepeHnn, ciajin 3aHHMaTb 
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OTcyrcTByeT 

«EoJIbIIIOH B3DbIB» 99% 




-1 - 



0 12 3 

. 

Pmc.2.3. A^arpaMMa 3HaHCHMM napaMerpa O. no BepTHKaAbHOM och OTAOxeHO 
3HaneHne napaMeipa Qa, no ropn30HTaAbHOki Q m . BAAHncbi, CAerKa HaKAOHeHHbie 
k ocflM, 03HanaiOT AOBepmeAbhibie MHTepBaAbi. TaK, BHyrpki OAHoro M3 3AAnncoB 

HaXOASTCfl 3HaHeHM?l KdK Qa, Ta« H Q m 



MeHbiue Meda Ha 3toh jinarpaMMe. BeponTHocTb Toro, mo 
6ojibme HyjiH, cocTaBjraeT Tenepb 99 %. 3to 03Ha4aeT, hto ^aHHbie 
06 ycKopeHHOM paciunpeHHH Haiueft BcejieHHOM no^TBep^maioTCH. 

Ceflnac 3to OTKpbiTMe HC3aBHCHMo noOTBep^eHO eme abymh 
rpynnaMH nccjie^OBaTejiew. no3TOMy acTpoHOMbi HaHHHaiOT aHajiM- 
3HpOBaTb cjie^CTBHH 3thx Ha6jiio,zieHHH jyin KocMOJiornH. Mbi eme 
BepHeMCfl k 3toh npo6jieMe b KHHre h o6cy#HM cjicacTBHH 3Toro 
4)aicra. 
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PeAHKTOBOe M3AyHCHMC 

flo cepe^MHbi iuecTHflecaTbix roflOB XX BeKa b ocHOBaHMH koc- 

MOJIOrHH 4>aKTHHeCKH JiexaJI TOJIbKO OflHH Ha6jIIO£aTeJIbHbIH Teen 

pacuiMpeHHe Haiueft BcejieHHoft, pa36eraHne rajiaKTHK, onucaHHoe 
b npe#bmymeM naparpac^e. 

CHTyauHa M3MeHHJiacb b 1965 rony nocjie oTKpbiraa pejiHKTO- 
Boro n3Jiy*ieHH5L CymecTBOBaHne pejiHKTOBoro H3JiyneHHH no npaBy 

M02CHO CHHTaTb BTOpbIM H3 OCHOBHblX TCCTOB, JieacailJHX B OCHOBaHMH 

3) 

COBpeMeHHOH KOCMOJIOrHH ' . 

PejiHKTOBoe H3JiyneHMe npe#cKa3aji T. TaivioB. HHTepecHa cy#b6a 
3Toro nejioBeKa, MHoro 3aMeqaTejibHbix Hay^Hbix pe3yjibTaTOB 6hjio 
nojiyneHO mm. Hctophh ero )KH3HH cpaBHHTejibHO He^aBHO eme 6buia 
noji 3anpeTOM, Tenepb ^MTaTejib MoaceT 03HaK0MHTbCH co MHoraMH 
ero nonyjinpHbiMH KHHraMH, npomnaTb aBTo6worpa4)nio, H3^aHHyio 

B POCCHH [2], 

fljiH Hac ceifaac Ba^cHo jinuib npe^CKa3aHHoe mm pejiMKTOBoe 
H3JiyHeHMe. Teopnio, co3£aHHyio T. TaMOBbiM, nacTo Ha3biBaioT Te- 
opHeft «Bojibiuoro B3pbiBa». B 50-x ro^ax XX BeKa oh npe,mio>KHJi 
mjeio ropH^eH BcejieHHoft, npHMeHHB b kocmojiohih H#en wp- 
hoh 4>h3hkm h TepMOAMHaMMKM. B ropaqeM h iijiothom BemecTBe 
paHHen BcejieHHoft npoHcxo^njiH TepMo^epHbie peaKijnn, KOTopbie 
o6ecne4HJiH o6njine jierKHX KOCMwqecKnx 3jieMeHT0B, Ha6jiK>flaeMbix 
ceroflHH. O^hhm H3 pe3yjibTaTOB 3toh TeopnH 6biJio npe^cKa3aHne 
pejiHKTOBoro H3JiyneHH5i. CaM TaMOB bmhucjimji ero xapaKTepHCTHKH, 
b qacTHOcra, onpe^ejiMJi ero TeMnepaTypy. FIocKOJibKy k MOMeHTy 
co3,aaHHH pa6oTbi 6ojibiiiHHCTBo ceneHMii TepMo*mepHbix peaKuwft 
eme 6buiH ceicpeTHbiMH BeJiHHHHaMH, to raMOB nojiynnji pe3yjibTaT, 



' Cjie^yeT ynoMHHyrb, mo oho Ha3biBaeTca pejMKTOBbiM H3JiyHeHweM b pyc- 

CKOH3M4HOH JIHTepaType. 3TOT TepMHH, npHAyMaHHblH 3aMe4aTeJIbHbIM COBeTCKHM 

acTpo(J)H3HKOM M. C. IIIkjiobckhm, xopoiuo OTpaacaeT CMbicji. 3to H3JiyHeHHe hbjih- 
eTCH cBHfleiejieM aaneKHx anox b pa3BMTHM Harnett BcejieHHoft, TaK »ce KaK jih- 

H03aBpbI, flOSCHBH OHM flO HaiUHX flHeH, 6bIJIH 6bl flJIH HaC )KHBbIMH CBH^eTejIH- 
MH flaJieKHX 3nOX B pa3BHTHH ^KHBOTHOrO MMpa Hailiett 3eMJlH. B aHrJI0H3bI4H0H 

jiHTepaiype 6ojibiue Hcnojib3yeTca TJDKejioBecHbM TepMHH the CM BR, hbjihk>lu,hh- 
ca a66peBHaTypOH uejioro npezyioKe h hh «KOCMH4ecKoe MHKpoBOJiHOBoe qboHOBoe 
H3JiyneHHe». 
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npHMepHO b RB2i pa3a pacxoAamHHCH c H3MepeHHbiM; TeMnepaTypa 
b ero BbiHHCJieHHHx paBH5uiacb 6 K. 

PejiHKTOBoe H3JiyHeHHe «oTKpwBajiM» HecKOJibKo pa3. TaK, Hain 
cooTeHecTBeHHHK T. A. LIlMaoHOB b 1956 r. o6Hapy>KHJi H3jiyneHHe, 
pacnpe^ejieHHe hpkocth KOToporo no He6y He 3aBHcejio ot 3chhtho- 
ro yrjia. O^HaKO hhkto He o6paraji BHHMaHHe Ha 3to coo6meHHe. 
B 1964 r. A. T. floponiKeBHq h H. fl. Hobhkob BbWHCjiHJiH ana- 
na30H bojih, b kotopom npicocTb pejiHKTOBoro H3JiyHeHHH #ojuKHa 
3HaHHTejibHO npeBOCxo#HTb npKOCTb flpyrax He6ecHbix hctohhhkob, 
a cjie^OBaTejibHo, HCKaTb ero cjie^bi HyacHO hmchho b 3tom #Hana- 
30He. OnaTb pa^HoacrpoHOMbi He o6parajiH BHHMaHHe Ha craTbio 
RByx MOJIO^blX TeopeTHKOB. 

PejiHKTOBoe H3jiyMeHHe 6hjio otkpwto A. IleH3HacoM h P. Bnjib- 
cohom b 1965 r. 3th #Boe yneHbix He 6biJiH pa^HoaerpoHOMaMH; ohh 
pa6oTajiH pa^HOHH^KeHepaMH b KopnopauHH «Eejui». Ohh co3#a- 

JIH HOBblH pa^HOMeTp JJJ19L IjeJieH CBH3H. FIpH HCnblTaHHHX 3TO- 
rO pa^HOMeTpa OHH 06Hapj0KHJIH HCKOTOpblH UiyM, H36bITOHHbIH 

no cpaBHeHHio c TexHHHecKHM 3a^aHHeM. BHHMaTejibHO Hccjie^o- 

BaB pMHOMeTp, OHH CflejiajIH BblBOfl, 4TO H36bIT04HbIH UiyM CBH3aH 

c HeoToacaecTBJieHHbiM kocmkhcckhm H3JiyHeHHeM. Y^HBHTejibHoe 

CBOHCTBO 3TOrO H3JiyHeHHH 3aKJIK) l iaJIOCb B TOM, HTO erO MOUJHOCTb 

He 3aBHcejia ot HanpaBjieHHH Ha He6ecHbin cbo#. 3#ecb cjie^yeT 
ynoMHHyrb, mo ro 3Toro MOMeHTa Bee hctohhhkh KOCMHHecKO- 

rO H3JiyHeHHH OTO)K£eCTBJI5UIHCb C OnpefleJieHHblMH KOCMHHeCKHMH 

o6beKTaMH (CojiHixeM, JlyHoft, KDnHTepoM, t. e. Jieacajra b njioc- 

KOCTH 3KJIHnTHKH) HJIH raJiaKTHHeCKHMH HCTO^HHKaMH , KOTOpbie 
HaXO^HJIHCb B nJIOCKOCTH TaJiaKTHKH. M3BeCTHbie K TOMy BpeMeHH 

BHerajiaKTHHecKHe hctohhhkh Toace OTO^giecTBjiHJiHCb c AajieKHMH 
ranaKTHKaMH hjih KBa3apaMH. 

A. IleH3Hac h P. BnjibcoH HanncajiH cTaTbio 06 otkphthh ho- 
Boro HCTOHHHKa H3JiyqeHHH h HanpaBHJiH ee b >KypHaji. K TOMy 
BpeMeHH npo(J)eccop P. ,fl,HKKe H3 IlpHHCTOHCKoro yHHBepcHTeTa 
yxe roTOBmi cneunajibHyio annapaTypy #jm noncKa pejiHKTOBoro 
H3JiyHeHHa. OraTba nonajia k HeMy Ha peueH3Hio, oh MraoBeHHO 
oaeHHJi ee, jxaji nojioxHTejibHyio peueH3HK) ajih ony6jiHKOBaHHH, 
h caM Hanncaji KopoTKyio 3aMeTKy, coflepatamyio HHTepnpeTauHio 
nojiyneHHbix pe3yjibTaTOB. TaK cocToajiocb OTKpwTHe pejiHKTOBoro 



V 
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H3JiyHeHHH. 3a 3Ty pa6oTy A. IIeH3Hac m P. BnjibcoH 6buin yaocroeHbi 
HoGejieBCKOH npeMMH 3a 1978 r. 

3a npoiuefliuHe TpH^uaTb jieT HccjieaoBaHHH pejiHKTOBoro H3- 
jiyneHHH npoBo^miHCb Heo^HOKpaTHo. Ceftnac jiynmee M3MepeHHe 
ero TeMnepaTypbi, BbinojiHeHHoe KOCMHHecKHM annapaTOM «COBE», 
codaBjraeT 2,725 K. 

KpynHOMaciiJTa6Ha5i CTpyKTypa Bccachhom 

TpeTbHM ochobhmm Ha6jno#aTejibHbiM (^aKTOM, jieacamuM b 
$yHZi,aMeHTe coBpeivieHHoft KOCMOjiorwn, cjieayeT c^MTaTb oTKpbi- 
™e h Hccjie^oBaHHe KpynHOMaciiiTa6HOH dpyicrypbi BcejieHHOH. 

JXO 3TOrO OTKpblTHH CaMblMH KpyilHblMH 06l>eKTaMH BO BcejieHHOH 

CHHTajiMCb rnraHTCKiie rajiaKTMKM m cKoroieHHH rajiaKTHK. Otkpmthh 
CBepxcKonjieHHH rajiaKTHK (KpynHOMacurraGHOH crpyKTypbi) npoH3- 
Bejio HeH3rjia#HMoe BnenauieHHe Ha no^aBJiaiomee 6ojibiiiHHCTBO 

KOCMOJIOrOB. 

KpynHOMacuiTa6Haa CTpyicrypa BcejieHHOH 6bma npe#CKa3aHa 
b pa6oTax Bbi^aiomerocH coBeTCKoro y^eHoro, aKa^eMHKa fl. B. 3ejib- 
aoBHHa. AHajin3Hpyn 3aKOHbi sbojiiouhh Majibix B03MymeHHM njiOT- 

HOCTH B paCLUHpHFOmeHCil BcejieHHOH, HKOB BopMCOBHH o6Hapy>KMJi 

jiio6onbiTHoe HBjieHHe: o6pa3yiomMecH o6i>eKTbi He o6jia£ajiH ccfcepn- 
HecKoft 4>opMOH. Ohm npe^CTaBjiajiH H3 ce6a TpexMepHbie crpyKiypbi 
c TpeMH HepaBHbiMH nonepeHHbiMH pa3MepaMH. TaKHe CTpyicrypbi 
6ojibiue noxo^HjiH Ha 6jiHHbi. Oh Ha3Baji 3Ty Teopnio Teopnew 6jih- 
hob. FIpe^cKa3aHHe 6buio 6jieerame noflTBepagoteHO Ha6jno,zjeHHHMH! 

BepHeMCH b 1981 r. Abtop khh™, Tor,aa eme mojio^oh Ha- 
yHHbift coTpy^HHK IbcyuapcTBeHHoro acTpoHOMnnecKoro HHCTHTyia 
mm. n. K. UlTepH6epra (rAHIJJ) MTY, c yuoBOJibCTBHeM nocemaji 
Bee HayHHbie KOHcjDepeHUHH no (j)H3HKe h acTpOHOMHH, npoxo- 
^HBuiHe b MocKBe, 6jiaro KOH(J)cpeHu,HH XBaTano. OflHa H3 caMbix 
npecTH^oibix KOH(J)epeHi^HH pa3 b jibb, ro#a opraHH30BbiBajiacb Hh- 

CTHTyTOM TOepHblX HCCJie^OBaHHH AH CCCP nO£ pyKOBO^CTBOM 

M. A. MapKOBa h fl. B. 3ejib£OBH*ia. Ha3BaHHe 3thx peryjrapHbix 
KOH(^epeHaHH 6wjio «KBaHTOBan rpaBHTaijHH», h Ha hhx BbicTynajiH 
3HaMeHHTbie yneHbie: JL B. 3ejib#OBHq, M. A. MapKOB, C. XoKHHr, 
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A. JX. CaxapoB (nocjie^HHit craji nocemaTb 3th KOH(J)epeHUHH no- 
cjie CBoero B03BpameHHH b MocKBy b 1989 r.). 3HaMeHHTbix cne- 
UwajiHCTOB 6hjio TaK MHoro, wto npM nepeHMCJieHMH HeMyapeHO 
Koro-Jin6o nponycTHTb. BbicrynajiH Ha 3thx KOHcjDepeHUHiix mojio- 
flbie 6jiecTamHe yneHbie A. JIwH^e, B. Py6aKOB, A. Orapo6HHCKHH, 
C. LLIaHflapnH, M. Xjiohob h ^pyrae. 

KoH^epeHUHH 1981 r. npoBo^miacb b mockobckom ^OMe Yne- 
Hbix. Mbi, MOJiO£bie HayHHbie coTpyzmHKH, Meamy 3ace^aHHHMH 
c ywBOjibCTBHeM nocemajiw 6y(J>eT 3Toro flOMa, ziaace TaM Be^a 6ece- 
£bi Ha Hay^Hbie h OKOJiOHayHHbie TeMbi. Bo BpeMH o^Horo H3 TaKHX 
nepepbiBOB k HaM o6paTHJiacb H. Mopo30Ba — coTpy^HHaa o#Horo 

H3 HayHHblX MOCKOBCKHX H3^aTeJIbCTB — C BOIipOCOM npOKOMMGHTH- 

poBaTb yrpeHHee pa^nocoo6meHne 06 otkpmthh rnraHTCKHx qepHbix 
flbip b KOCMOce pa3MepoM b cothh MeranapceK. riepBaa peaKijHH 6bi- 
jia cyry6o OTpHuaTejibHan — qyuib! /Jejio b tom, hto TepMHH «HepHan 
#bipa» b acTpo(J)M3HKe 3ape3epBnpoBaH ^jih oG'beKTOB BnojiHe onpe- 
^ejieHHOH npupo^bi, o6jia#aiomHx npe^ejibHbiM rpaBHTaunoHHbiM 
nojieM. K CHacTbK), pa^OM c HaMH Haxo^HJicn o#hh H3 yneHHKOB 
H. B. 3ejib£OBnqa — Ceprett lUaH^apHH, kotopmh cpa3y >Ke npoKOM- 
MeHTMpoBaji 3to coo6meHHe. Penb b HeM mjia 06 otkpmthh rnraHT- 
ckhx nycTOT b KOCMOce, a He HepHbix #bip. C. IIIaH^apHH 3aHHMajicn 
TeopneH KpynHOMacuiTa6HOH cTpyjcrypbi BcejieHHoii no,n; pyKOBO,n;- 
ctbom fl. B. 3ejib^0BH4a h ^eTajibHO paccKa3an HaM 06 3tom otkpm- 
thh. Ceitaac zuih TaKHx nycTOT KaK b aHniHHCKOM, TaK h b pyccKOM 
H3biKe cymecTByeT o^hh TepMHH — «boh#» (nycTOTa); 3to aHDiHH- 
ckhh TepMHH, BOiue^uiHH b pyccKOH3biHHyio Hay^Hyio jiHTepaTypy. 

BcejieHHaa o#Hopo#Ha h H30TponHa Ha oqeHb 6ojibiiiHX Maciirra- 
6ax. Ilepexo^ ot HepaBHOMepHoro pacnpe^ejieHHH BemecTBa k o#ho- 
po^HOMy pacnpeaejieHMK), rpy6o roBopn, k Maciirra6aM, Ha kotophx 
KOHTpacT njiOTHocra yace 3Ha4HTejibHo MeHbiue e^nHHUbi, ocyme- 
CTBJiaeTCH HaHHHan c MacuiTaGa npHMepHO 200 MnK. TaK, ecjiH 
ycpe^HHTb njioTHOCTb BcejieHHOH BHyrpn Ky6a c pe6poM 200 MnK 
h nepe^BMHyrb 3tot Ky6 c o^Horo Mecra Ha apyroe (KOHe^mo, 
^Be o6jiac™, pa3#ejieHHbie paccTOHHHeM 6ojibiue, qeM 200 MnK), 
to cpeflHHH njioTHOCTb b nepBOM MecTe 6y#eT noq™ paBHa cpe£- 
Hen njiOTHocTH BToporo MecTa. B MeHbiiinx MacurraSax BcejieHHaa 
o6jia#aeT 3Ha*iHTejibHOH Heo^Hopo^HocTbio. TaK, KOHTpacT njioT- 



KpynHOMacLiJTa6Hafl CTpyKTypa BceAeHHOM 
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hocth BHyrpH Hauiefl TanaKTHKH (pa3Mepbi MeHbine, hcm 1 Mnic) 
npeBbimaeT e#HHHuy. 




Pmc. 2.4. Ha pucyHKe no- 
Ka3aHa cxeMa 3Kcnepn- 
Mema KkipwHepa m ero 
KOMer. He6oAbLUoPi TeAe- 

CKOn aCTpOHOMbl ncnoAb- 
30BaAM AAA TOrO, HTo6bl 

ccJ)OTorpa(})MpoBaTb see ra- 

AaKTMKM B Tpex M36paHHblX 

o6AacT5ix He6a. 3th o6a3- 
ctm otctoham Apyr ot Apyra 

Ha paCCTOflHMM 5° 



N 





Phc.2.5. rncTorpa/wv\a, no- 
flCHfliojJiafl OTKpbiTMe Kpyn- 
HOMacLUTa6HoPi dpyiaypbi 
b pacnpeAeAeHMM raAaKTMK 



KHpuiHep h ero KOJiJiera — acrpoHOMbi, KOTopbie OTKpbiJiH 
KpynHOMacniTa6Hyio CTpyicrypy, — Ha6jno#ajiH aajieKHe rajiaicra- 
kh b TejiecKon. Ohh Bbi6pajiH TpH nojra rajiaicraK, oTCTOHmne apyr 
ot apyra Ha yrjioBOM paccTOHHHH 5° , KaK noKa3aHO Ha pnc. 2.4, b Ka- 

>K,HOM H3 nOJieft OHH COCHHTaJIH raJiaKTHKH H H3MepHJIH HX KpaCHbie 

CMemeHHH. KpacHoe CMemeHHe 3KBHBajieHTH0 paccTOHHHio jxo ra- 
jiaKTHKH, noaTOMy HecjieaoBaTejiH nocTponjiH racTorpaMMy: hhcjio 
rajiaKTHK N — KpacHoe CMemeHHe z, pnc. 2.5. Ha racTorpaMMe 
6biJiH hcho BH^Hbi #Ba nHKa, pa3aejieHHbie no^ra nycTbiM npo- 
CTpaHCTBOM. HHTepnpeTauHH 3thx Ha6jnoaeHHH oneHb npocia: jiynn 
TejiecKona «npouiHjiH» #Ba 6jiHHa KpynHOMaciirra6HOH CTpyicrypbi 
BcejieHHoii. Ha pnc. 2.6 H3o6pa^ceHbi #Ba «6jiHHa», coaepxamne 
TbiCHHH rajiaKTHK. Hmchho o nycTOM nojie, coaepacameMCH Mexay 
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Pmc. 2.6* PkicyHOK, noflCHSKDLUMM OTKpbiTMe KpynHOMacwTa6HOM CTpyicrypbi 
b pacnpeAeAeHMki raAaicruK m nocrpoeHne npeAbiAymei'i rkidorpaMMbi 

^ByMH nuicaMH njiOTHOCTH, h coo6majiocb no pa^HO, krk o BbmaK>- 
meMca HayHHOM oTKpbrran. 

Ceitaac Teopna KpynHOMaciirra6HOH CTpyKTypw no,apo6HO h xo- 
pouio pa3pa6oTaHa, Ha6jiioji,eHHa oxBaTbiBaiOT yace jxqcrtkh tmchh 
rajiaKTHK, n roTaBJi h BaiOTC h nporpaMMbi Ha6jno^eHHH cotch Tbicnq 
rajiaKTHK. Hccjie^oBaTejiH njiaHHpyiOT nocTponTb nojiHoe TpexMep- 
Hoe pacnpewjieHHe rajiaKTHK bo BcejieHHoft Ha rjiy6HHy, npeBbiiua- 
lomyio cothk) MeranapceK. 

PacnpodpaHCHHOCTb actkmx bacmchtob 

MeTBepTbitt ochobhoh Ha6jno^aTejibHbiii Ted — pacnpodpa- 

HeHHOCTb JierKHX XKMH^eCKHX 3JieMeHTOB B KOCMOCC 

riepnoa ot 1 c jxo 200 c ot Haqajia pacmnpeHHH HrpaeT 6ojib- 
myio pojib b Harnett BcejieHHOH. B to BpeMH 0Ha 6bma 3HaHHTejibHo 
MeHbiue h ropH^ee, To^mee CKa3aTb, bch BcejieHHaa npe^CTaBJinjia 
H3 ce6a o^hh cBepx6ojibiuoH TepMoa^epHbift peaKTop. BemecTBo 
npe^cTaBJiaeT H3 ce6a ropaqyio njia3My 4 ^ c TeMnepaTypoM Hacrau 



HHorna ruia3My Ha3biBaioT neTBepTWM coctohhucm BemecTBa; HanoMHHM, mo 

TpH COCTOflHHH BemeCTBa B (J)H3HKe — 3TO TBepflOe, iKIWKOe h ra30o6pa3Hoe. 



PacnpocTpaHeHHOCTb AerKkix sacmchtob 
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HecKOjibKO MMJUinap^OB rpaaycoB. B 3tom «peaKTope» H3 nepBHHHO- 
ro BO^opo^a «BapmiHCb» apyrae jierioie 3JieivieHTbi. 3to 6hjio BpeMH, 
Kor^a HaHHHaeT poacaaTbca npuBbiHHoe HaM BemecTBO. ripaB^a, 
ctomt cpa3y ynoMHHyrb, hto M3 Bcex 3jieivieHTOB b tot nepHOfl po- 
#HJiHCb jiHinb caMbie jierKMe: rejinft h jihthh, a Taicace hx H30Tonbi. 
3jieMeHTbi c 6ojibiiiHM aTOMHHM BecoM Toma He poamajiHCb; tcm- 
nepaTypa h ruioTHocTb oicpyacaiomero BemecTBa He cmodih co3#aTb 
Heo6xo^HMbix ycjioBHH jym «BapKH» 6ojiee raacejibix 3JieMeHTOB. 
Bojiee TH^Kejibie 3jieivieHTbi, Taiaie, HanpHMep, KaK )Kejie3o, 6buiH 
npoH3BeaeHbi 3Ha4HTejibHO no3xe b 3Be3#ax; ohh 6buin Bbi6pouie- 

Hbl B KOCMHHeCKOe npOCTpaHCTBO npH B3pbIBaX CBepXHOBblX 3Be3fl 
H 3Be3,aHbIM BeTpOM. 

BblXOfl H^ep C pa3JIHHHbIM aTOMHbIM BeCOM CHJIbHO 3aBHCHT 
OT HeCKOJIbKHX (j)H3H4eCKHX napaMCTpOBI — OTHOUieHHH HHCJia 
nepBHHHblX HeHTpOHOB K HHCJiy nepBHHHblX npOTOHOB, OT rUIOTHOCTH 

BcejieHHott h ckopocth ee pacuiHpeHHH. CorjiacHO coBpeMeHHbiM 
BbiHHCJieHHAM, b npoMeacynce BpeMeHH ot 1 c ao 100 c Gojibinaa 
HacTb CBo6o^Hbix HeftTpoHOB (3a HCKjiioHeHHeM Tex, hto ycneBajin 
pacnacTbcn) cBH3biBajiacb b ^eftTepHH 3a chqt peaKijHH 



p + n -> 2 H + 7, 

nopoaman raMMa-(J)OTOHbi 7. 

^eHTepHH, b cbok) oHepe^b, 3axBaTbiBaji 6apHOHbi nepBHHHOH 
njia3Mbi h poac^aji H30Ton rejiHH 3 He h tphthh. C 3axBaTOM eme 
o^Horo HeftTpoHa o6pa30BbiBajic5i apyroft H30Ton rejiHH 4 He, b koto- 
poM npaKTHqecKH Bee HepacnaBiiiHeca HeifrpoHbi 3aicaH4HBajiH cboh 
nyrb. OTcyrcTBHe noflxo,n#mHX a^ep c hhcjiom A — 5 ocTaHaBJiHBano 
aajibHeftuiHe peaiajHH, a H3-3a Majioft iijiothocth BemecTBa peaiajHH 
rana 

3 He + 4 He-> 7 Be, 
3 He — ► C 

npaKTHHecKH oTcyrcTBOBajiH. 

OTHOCHTejibHbitt (no Macce) bmxo# 3 He, 4 He, 2 H h 7 Li b 3a- 

BHCHMOCTH OT nJIOTHOCTH 6apHOHOB — CpeflHHH IIJIOT- 

HOCTb 6apHOHOB no oTHOiueHHK) k KpHTHqecKoii iuiothocth, no- 
apo6Hee b niaBe 4) noKa3aH Ha phc. 2.7. YMeHbiueHHe Bbixo^a 
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(IlpH H = 50 km/c/Miik) 




Pmc. 2.7. PacneTHbie BecoBbie KOHueHTpauHM AerKMx bacmchtob, o6pa30BaBLUnxcfl 

npM nepBMHHOM HyKAeOCMHTe3e. 06AaCTb BHyrpM BeDTHKaAbHblX LUTpklXOBblX AMHMM — 

AonycKaeMoe Ha6AiOAeHMflMM 3HaneHne nAOTHocTM 6apnoHOB fV CriAOWHbie kpm- 

Bbie - TeOpeTMHeCKM BblHHCAeHHbie OOMAMfl pa3AMHHblX 3A6MCHTOB B 3aBMCMMOCTH 
OT Qj,. M3 pMCyHKa BMAHO, HTO KOAMMeCTBO 4 He npaKTMHeCKM He 3aBMCMT ot 3Toro 

napaMeTpa. Han6oAee *ecTKne onpeAeAeHHsi BeAMMMHbi n& noAynaioTCfl no o6mawo 
H h oco6eHHO AMTMfl Li, noKa3biBaioLUMe oneHb CMAbHyio 3aBkicnMOCTb ot 

fleirrepHH c poctom o6i>acHfleTca TeM, hto npH yBejiHneHHH 

njIOTHOCTH 6apHOHOB paCTeT 4HCJIO CTOJIKHOBCHMH MOK^y HHMH 
H, COOTBeTCTBCHHO, B03paCTaeT BepOHTHOCTb 06pa30BaHHH TH>Ke- 

jiwx aaep. B CHJiy CKa3aHHoro, kojihhcctbo aeftTepMa bo BcejieH- 

HOH HBJIHeTCH HyBCTBHTCJIbHblM HHflHKaTOpOM njIOTHOCTH 6apHOH- 
HOH COCTaBJIHK)mei4. JXpymM TaKHM HHflHKaTOpOM hbjihctch kojih- 

necTBo Li. 



AHM30Tponk1fl peAMKTOBOrO M3AyHeHMfl 
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H3 cpaBHeHHa HHCJieHHoro pacneTa c Ha6jnofleHMHMH o6hjihh 
3jieMeHTOB moxho caejiaTb 3aKjnoHeHHe o iijiothocth GapnoHOB: 

Q b = 0,05 ± 0,03. 

IlpeflCKa3aHHe KOJiH^ecTBa BOAopo^a H (75 %) h rejina ( 4 He *v 
25%), a TaioKe ocrajibHbix Jiencnx sjieMenroB, ^ocTaTOHHO xopotuo 
corjiacyiomeecH c Ha6jno^eHHHMM, hbjihctch ochobhmm pe3ynbTa- 
tom TeopHM HyicjieocHHTe3a, a npe#CKa3aHne njioTHocra SapwoHOB 
bo BcejieHHoft — ochobhwivi no6o4HHM npo^yicroM 3toh TeopwM. 

Heo6xo,aHMo Taicsce OTMeTHTb, hto Hap*my c BneqauiaiomH- 
mh coBna^eHHHMH TeopeTM4ecKHX npe^cKa3aHMH o6hjihh jierKHx 
3jieMeHTOB c H3MepeHHbiMM 3Ha4eHHHMM cymecTByioT HeKOTOpbie 
HeipHBuajibHbie BbiBo^bi 06 3jieMeHTapHbix Hacrauax. B HacTHOCTH, 
M3 TeopMH HyKjieocHHTe3a nojiyHaeTca orpaHMHeHwe Ha o6mee hhcjio 
pa3JiHHHbix ™noB HCHTpHHOj wjxQfi 3Toro orpaHHHeHHH npHHazyieacHT 
6e3BpeMeHHO yiueameiviy ot Hac coBeTCKOMy yqeHOMy B. lllBapmvia- 
Hy. Cettnac H3BecTHbi Tpw TMna HeihpuHo: 3JieKTpoHHoe hchtph- 

HO l/ e , MIOOHHOe HeHTpHHO H Tay-HCHTpHHO V T . IIOCKOJIbKy 06H- 
JIHe JierKMX 3JieMeHTOB 3aBHCHT OT HMCJia HeHTpHHO, TO Ha OCHOBaHHH 

Ha6jno,aaeMoro o6hjihh moxho caejiaTb bmboa, hto hhcjio ranoB Hefi- 
tphho bo BcejieHHoft N v ^ 3,3. H3MepeHHH HHCJia ranoB HeihpHHO, 
npoBe^eHHbie cneuHajiHCTaMH coBpeMeHHOH (J)H3hkh ycKopHTejieft, 
noKa3biBaiOT, hto hhcjio HefrrpHHo ecTb N u = 2,98 ± 0,05. 

AHH30TpOf1HH PC AM KTOBOrO H3AyHCHH5l 

OTKpblTHe aHH30TponHH pejIHKTOBOrO H3JiyHeHHH, HeCOMHeH- 

ho, cjie^yeT oraecTH k nnTOMy H3 ochobhmx 3KcnepHMeHTajibHbix 

TeCTOB COBpeMeHHOH KOCMOJIOrHH. 3TO OTKpblTHe 6bIJIO CflejiaHO Me- 

Hee aecara jieT Ha3a#. FlocKOJibKy aBTop caM 6wji yMacTHHKOM pa6oT, 

CBH3aHHbIX C Ha6jIK)fleHHeM aHH30TponHH pejIHKTOBOrO H3JiyHeHHH, 

h co6mthh Tex jxhgVl eme cbc^kh b naMHTH, to npn paccKa3e b rjiaBe, 

nOCBHmeHHOH aHH30TpOnHH pejIHKTOBOrO H3JiyHeHHfl, Qyjxcr yae- 
JlflTbCH BHHMaHHe He TOJIbKO HHCTO HayHHbIM (|)aKTaM, HO TaiOKe H TeM 

4>aKTaM, KOTopwe oGmhho ycKOJib3aioT npn ony6jiHKOBaHHH pa6oT. 

AHH30TponHH — 3to pa3HHua TeMnepaTypbi pejiHKTOBoro H3Jiy- 
qeHHH b pa3jiH4Hbix HanpaBjieHHax Ha He6e. PejiHKTOBbie 4>oroHbi 
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Hjxyr k HaM co Bcex HanpaBjieHHH He6ecHOH c(J>epbi. FloaTOMy a#e- 
KBaTHbift MaTeMaTMHecKHft annapaT ajih aHajiH3a yrjioBoro pacnpe- 
^ejieHHH pejiHKTOBoro H3jiy4eHH« — pa3Jio>KeHHe no cc|)epHHecKHM 
(})yHKUH5iM mjih no MyjibTHnojibHWM rapMOHHKaM. Pe3yjibTaTbi nccjie- 

^OBaHHH npeflCTaBJIHK)TC5I B BHfle rpa(j)HKOB, Ha KOTOpblX OTJIO>KeHbI 

aivinjiHTyzibi H3MepeHHbix rapMOHHK b yrjioBOM cneKTpe aHH30TponHH 
pejiHKTOBoro H3jiyneHHR. 

Kaacabift uiar b HCCjieaoBaHHH pejiHKTOBoro M3jiyneHHH Tpe- 
6oBan 6ojibuinx ycHJiMH 3KcnepHMeHTaTopoB. OflHaico, Heo6xo,miMO 

OTMeTHTb, 4T0 Ka>KAbIH Uiar IipHBOflHJI K BaXHbIM $M3HqeCKMM 
OTKpblTHHM H 6MJI Ba>KHbIM KOHUenTyaJIbHbIM Bbl6opOM B KOCMO- 
JIOrHH B UeJIOM. OTKpblTMe peJIMKTOBOrO H3JiyHeHHH HJIH Ha6jIK)- 
JXQHVLQ nepBOH MyjIbTHnOJIbHOH rapMOHMKH — MOHOnOJIbHOH — 

noOTBep^HJio TeopHK) ropHnen BcejieHHOH. CeH^ac oho hbjihctch 
pemaiomHM apryMeHTOM TeopHM Bojibinoro B3pbiBa b uejioM. Oie- 
ayiomnft mar — oncpbirae xjHnojibHOH rapMOHMKH — noTpe6oBaji 
yBejiHHeHHH qyBCTBHTejibHocra pa^MOMeTpoB b 1 000 pa3! AMnjimy^a 
3TOM rapMOHMKH cociaBjiaeT Bcero 3 mK. Ee H3MepeHHe no3BOJiHJio 
ydaHOBHTb Han6ojiee yHHBepcajibHyio CHereiviy OTqeTa, onpe^ejiMTb 
cjiynaHHbie CKopocra rajiaKTHK h t. n. IIohck KpynHOMacuiTa6- 
hoh aHH30TponHH (coBpeMeHHoe 3HaHeHHe aMiuiHTyabi 4>^iyKTyauHH 
~ 30 fiK) BHOBb noTpe6oBaiio yBejiH^eHne HyBCTBHTejibHocra npn- 
6opoB b 100 pa3. BcKope nocjie otkpmthh KpynHOMaciirra6HOH 
aHH30TponHM (Ha cnyTHMKax «PejiHKT» h «COBE») 6wjia OTKpbiTa 
aHH30TponMH b cpe^HHX yrjioBbix MacuiTa6ax. 

CoBpeMeHHoe coctohhhc Hccjie^oBaHHH TaKOBo, hto no3BOJiaeT 
cneuHajiHdaM yBepeHHo roBopHTb 06 o6Hapy*:eHHH aHM30TponnH 
b KpynHbix h cpcaHHX yrjioBbix MaciiiTa6ax, a TaioKe o npe^Ba- 
pHTejibHOM H3MepeHHH aMiuiHTyflbi h nojioxeHMH aonnjiepoBCKoro 
nHKa b yrjioBOM cneKTpe aHH30TponHH. Oie^yioiuHH ecTecTBeHHbiit 
mar — H3MepeHHe nojrapH3aijHH pejiHKTOBoro H3JiyHeHHH — BHOBb 
noTpe6yeT 6ojibiuoro yBejinneHMa nyBCTBHTejibHOcra n3MepeHnft. 

rpdBHTaUHOHHbie AHH3bl 

HaKOHeu mm noflouiJiH k nocjie^Heiviy KocMOJiornnecKOMy Te- 

CTy — rpaBHTaUMOHHbIM JTMH3aM. McCJieAOBaHMH rpaBHTailHOHHblX 



t 
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jihh3 jie^caT Ha cTbiKe BHerajiaicnmecKOH acrpoHOMMH h kocmojiohih. 
Xora 6ojibiuyio HacTb bhbo^ob, nojiyneHHbix ot Hccjie^oBaHHH rpa- 
BHTauHOHHbix jihh3, adpoHOMbi Mcnojib3yK)T ,zyra M3yHeHHH rajiaK- 

THK, BJIHHHHe 3THX HCCJieflOBaHHH &JI5I KOCMOJIOrHH 04eHb BeJIHKO. 

Hccjie^oBaHHe ckphtoh Maccw Harnett BcejieHHoft, B03MoacHOCTb 
M3MepeHMH ochobhwx rjio6ajibHbix napaMeTpoB, onpe^ejiHiomnx ee 
reoMeTpMio, — bot HenojiHbitt cnncoK BonpocoB, Ha KOTopwe mo^kho 
Haftra oTBeT npw H3yHeHHH rpaBHTaunoHHbix jihh3. 

3KcnepHMeHTajibHoe Hccjie^oBaHHe BHerajiaKTH4ecKMx rpaBH- 
TauHOHHbix jihh3 Hanajiocb b 1979 r., Koma aHDiHttcioie MCCJie^oBa- 
TejiM Bojiui, KapcBejui h BeftMaH o6t>hbhjih 06 OTKpbiraH TaK Ha3biBa- 
eMoro ^BoftHoro KBa3apa 5 \ KBa3ap Q0957 + 561 A,B Ha <J)OTorpa<i)HH 
BbirjiH^eji KaK flBa KBa3apa, pa3flejieHHbix yrjioBbiM paccroHHHeM 6". 
AcTpoHOMbi o6Hapy>KHJiH, 4to 06a KBa3apa MMeiOT oflHHaKOBoe Kpac- 
Hoe CMemeHHe z « 1,4, a TaBOKe oflHHaKOBbie cneicrpbi. FIohtm cpa3y 

flBOHHOH KBa3ap 6bIJI OTO^eCTBJieH C nOHflTHeM rpaBHTaUHOHHOH 
JIHH3H. HBJieHHe HJIH OTCyTCTBHe rpaBHTaUHOHHOH JIHH3M npHMbIM 

o6pa30M 3aBHCHT ot pacnojioaceHHH 3Be3^, TOHHee roBopn, rajiaKTHK 
h KBa3apoB. 3tot 4>eHOMeH B03HHKaeT TOJibKO b tom cjiynae, Koraa 
yrjiOBoe paccTOHHHe Meac^y He6ecHbiMH o6beKTaMH He npeBbiinaeT 
TaK Ha3biBaeMoro KOHyca 3ftHiirreftHa, pa3Mep KOToporo ajih BHera- 
jiaKTHHecKHx jihh3 cocTaBjraeT npHMepHO l", a ajih rajiaKTHHecKHx 
MHKpojiHH3 cocTaBjiaeT nopaziKa 1 MHJuiHceKyHflbi jxyru. EcrecTBeH- 
ho, TaKoe TecHoe coce^cTBo Ha He6ecH0M cBo,ae — HBjieHwe pe^Koe. 
Oncpbrrae ero crajio bo3mo)kho TOJibKO nocjie co3,n,aHH5i 6ojibiiiHX 
TejiecKonoB, o6jia#aiomHx orpoMHott npoHHuaiomeft cnjiott. IlpH 
paBHOMepHOM pacnpe^ejieHHH He6ecHbix o6beicroB b npocrpaHCTBe , 
HeM aajibiue ot Hac HeKOTopbift He6ecHbift hctohhhk, TeM cjia6ee 
ero cBeT, ho yrjiOBoe paccTOHHHe Me^y ^ajieKHMH HCTOHHHKaMH 
MeHbiue, a caMH hctohhhkh pacnojioaceHbi TecHee. BepoHTHoerb 
Haxo^HTbca Ha He6ojibiuoM yrjioBOM paccTOHHHH 6ojibiue zyra ^ane- 
khx h, cjie^oBaTejibHo, 6ojiee cjia6wx hctohhhkob. 

CjieayeT CKa3aTb, hto HBjieHHe rpaBHTaUHOHHOH jihh3w — npefl- 

MeT OC06ott rop^OCTH aCTpOHOMOB-TeopeTHKOB. 3T0 OflHO H3 He60JIb- 



5 ) KBa3apw 6mjih otkpmth b cepe^MHe 60-x roflOB MapTHHOM UImhatom; ohm 

HBJMIOTCH OflHHMH H3 CaMblX HpKHX H flajieKHX o6l>eKTOB BceJieHHOH. 
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moro 4ncjia HBjieHHH b KJiaccH4ecKOH acTpoHOMMH, KOTopoe 6bIJIO 
npe^CKa3aHo TeopeTHKaMH 3aaojiro jxo otkpmthh. Ohm nojiarajin 

TaiOKe, HTO rpaBHTaUHOHHbie JIHH3M CTaHyT HCTOHHHKOM Ba^KHOH 

HH(J)opMaaHH o KOCMOjioraH, o reoMeTpHH BcejieHHoft, O CKOpOCTH 
ee paciimpeHHH, o ruioTHOCTH CKpwToro BemecTBa KaK bo BcejieHHoft 
b uejiOM, TaK m b OTOejibHbix o6T>eKTax — HanpHMep, b CKoruieHHflx 
rajiaKTHK h b rajiaieraKax. 

3a npomefluiHe ^BamjaTb jieT 6bijin oTKpbiTo MHoro BHera- 

JiaKTHHeCKHX JIHH3. 06lHHH CIIHCOK JIMH3 npeBblUiaeT JXBd aecHTKa 

o6T>eKTOB \ Cpe^H rpaBHTaiiHOHHbix jimh3 ecTb HHTepecHbie o6i>eK- 

Tbl C TO4KH 3peHHH KOCMOJIOrMM. CymeCTByiOT J1HH3U, coflep;>KaiiiHe 

HecKOJibKo To^eHHbix Hepa3peuieHHbix M3o6pa^ceHMH, jihh3m b BH#e 
noqra 3aMKHyTbix ayr (icojibua 3HHiiiTeMHa), jiMH3bi b bhjxq kopotkhx 
ayr (apKH h apioieTbi). 

OflHO H3 CaMblX HHTepeCHblX OTKpblTHH B 06jiaCTH H3yHeHH5I 

rpaBHTauHOHHbix jihh3 6wjio oaejiaHo b Hanajie nocjiczuHero #e- 
CHTHjieraH ^BaziuaToro BeKa. 3to cmcpbirae MHKpojiHH3npoBaHHH 
b Hameft TajiaKTHKe. 

PoCCHHCKHH $H3HK A. B. EflJIKO B 1969 T. H aMepHKaHCKHH 

adpoHOM B. na4HHCKMH Ha ocHOBaHHH aHajiH3a kphboh BpameHHH 
Haiueft TajiaKTHKH b 1986 r. BbiCKa3ajiH ranoTe3y, hto ee cc^epHHecKan 
no^cucTeivia MoaceT 6biTb 3anojiHeHa HeBM^HMbiMH (HecBeTHLiiHMHCH) 

TeJiaMH, HeHTpOHHblMH 3Be3£aMH, CJia6oCBeT5HUHMHC5I KapjIHKOBbl- 
MH 3Be3flaMH (TaK Ha3bIBaeMbIMM KOpH4HeBbIMH KapjIHKaMH) HT.n., 

BnjioTb jxo Teji c Maccoft K)nnTepa («K)nnTepaMH»). Ohm TaiOKe bhhh- 

CJIHJIM BepOHTHOCTb 3(J)4)eKTa MHKpOJIHH3HpOBaHHR Ha TaKHX TeJiaX. 

3ia BepoHTHOCTb OKa3ajiacb #ocTaT04HO 6ojibuioft, htoGh Ha6jno- 
aaTb 3(J)(|)eKT MHKpojiMH3npoBaHH5i. TaK MM o6pa30M, 6wjia nojiyneHa 

B03MO)KHOCTb Ha6jl KUCHMA rpaBMTaiJ,MOHHOrO riOJIH OT^eJIbHblX TeM- 

Hbix Teji rajio h, BOo6me roBopa, ioyneHHH hx npocTpaHCTBeHHoro 
pacnpe^jieHHH. 



b} KojIMHeCTBO 06l>eKT0B B 3TOM CnHCKe 33BHCHT OT HajIH4HH npM3HaKOB, KOTOpbie 
pa3^H4Hbie HCCJieflOBaTejIH CHHTaiOT Heo6xO,aHMbIM CBOHCTBOM JIMH3W. OflHHaKOBbie 

KpacHbie CMemeHMH m hachtkhhwc cneiapbi H3o6pa>KeHHH hbjihiotch Heo6xoflH- 
mmm, ho HHor^a He^ocTaTOHHbiM cbohctbom zyia npHHHCJieHHH o6i>eKTa K cnncKy 

rpaBHTaHHOHHblX JIHH3. 
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riOMCKy TCMHOH MciTepHH B 4>OpMe HGBH^MMblX TCJI, 3anOJIHHK)- 

mwx rajio Haiuett TajiaKTHKH, 6bijiH nocBameHbi HecKOJibKo HaGjno^a- 
TejibHbix nporpaMM. B KOHue 1993 ro^a jxbq rpynnw Hccjie^OBaiejieft 
coo6mHJiH pe3yjibTaTbi noncica MaccuBHbix HeBHflHMbix Teji b rajio 
Haiuefi TajiaKTHKH no scjxfreicry MHKpojiHH3npoBaHHH, t. e. no 3(]}- 

4>eKTy H3MCHCHHH 6jieCKa (J)OHOBbIX 3Be3fl. 

AMepHKaHO-aBCTpajiHHCKaa rpynna MACHO (a66peBnaiypa aH- 
rjiHHCKoft 4>P^3bi MAssive Compact Halo Objects) ncicajia 3<j)(i)eKT 
MMKpojiHH3HpoBaHHH Ha (jxme Bojibinoro MarejuiaHOBoro 06jiaKa 
(BMO), Ha6jnoaaH 1,8 mjih 3Be3,a b Te^eHHe o^Horo rozia. B 4>eBpajie- 
MapTe 1993 ro^a acTpoHOMbi o6Hapy>KHJiH, hto o^Ha M3 3Be3^ c Koop- 

OTHaTaMH a = 05 h 14 m 44,5 s h 6 = -68°48 00" CTana apqe b 6,8 pa3a, 
a 3aieM b TeneHMe 34 ^Heft ee 6jiecK BepHyjica k npeatHeiviy ypoBHK). 

AcTpoHOMbi ncnojib30Bajiw 1,27 MeTpoBbiii TejiecKon aBCTpajinn- 
ckoh o6cepBaTopnn Maym Ctpomjio. B (J)OKyce 3Toro TejiecKona no- 
Memajica fluxponnHbiH aejiHTejib cBeTOBoro nynica, kotopmh no3Bo- 
jihji o^HOBpeMeHHo Ha6jno^aTb 3Be3#bi b KpacHOM (6 300-7 600 A) 
h rojiy6oM (4 500-6 300 A) uBeiax. B KanecTBe npneMHHica CBda 
rpynna MACHO ncnojib30Bajia #Be 6ojibuine n3C KaMepw (n3C — 
coKpameHne ot npn6op c 3apfl£OBoft CBH3bK>). 

OpaHuy3CKne acTpoHOMbi (rpynna EROS, a66peBnaTypa 4>paH- 
uy3CKoft 4>pa3bi Experience de Recherches d'Objects Sombres) Ha- 
6jno#ajiH 3 mjih 3Be3£ b BMO b TeneHne Tpex jieT. B 1993 ro^y 

OHM TaiOKe C006mHJIH O MHKpOJIHH30BbIX Co6bITH5IX. 0#Ha H3 3Be3fl 

noBbicnjia cboh 6jiecK b 2,5 pa3a c xapaicrepHOH jyiHTejibHOCTbio 
54 aha, a BTopan b 3,3 pa3a c xapaicrepHOH jyiHTejibHOCTbio 60 ^Heft. 

TpeTbeft rpynnoit, cooGmMBineft o HaGjno^eHHH mhkpojihh- 
30bhx co6biTMii, ho He b HanpaBjieHHH BMO, a b HanpaBjieHHH 
Ha ijeHTp Hauien rajiaicraKH, 6wjia nojibCKaa rpynna OGLE. Ceft- 
qac M3BecTHa, no KpanHen Mepe, cothh MHKpojiHH30Bbix co6brran. 
BojibuiHHCTBO 3tmx co6biTHH Ha6jno#ajiocb b HanpaBjieHHH Ha ueHTp 
Hameft TajiaKTHKM. 



TAaBa 3 

Pa3AM4Hbie anoxH HaweH Bccachhoh 



Bck> HCTOpHK) BcejieHHOH npHHATO no4pa3^ejiflTb Ha 3noxH. TojibKO 

HX Ha3BaHHfl 03Ha4aK)T He npMBblHHblH HaM HCTOpHHeCKHH, a $H3HHeCKHH 

cmhcji npoHcxcwimero. KocMOJionw — o^Ha H3 HeMHorax ecTecTBeHHbix 
HayK, b KOTopwx npHcyrcTByeT sbojhouha b hbhom bujxg. B 3toh rjiaBe 6yzxeT 
jian B3mm Ha sbojiioijhk) BcejieHHOH b uejioM h KpaTKO onncaHa Kaacaafl 
snoxa b ee pa3BHTHH. 

PaHHun BcexeHHasi 

Po>KAeHHe Bccachhom 

Mojkho CKa3aTb, hto KaK MHorae CBottcTBa xapaicrepa nejioBeica 
3aicia,abiBaK)TCfl b paHHeM ^eTCTBe, Tax h ochobhwc cBoitcTBa Harnett 
BcejieHHOH hbjihiotch cjiejjCTBHeM «MjianeHqecKott CTa^HH» ee pa3- 
BHTHfl. noaTOMy paccKa3 o BcejieHHOH Ha^HeM c caMbix paHHHX anox 
h 6y^eM nocjie^oBaTejibHO nepe^BHraTbca ot o^hoh 3noxn k flpyroft. 

B Ta6ji. 1 yKa3aHbi ocHOBHbie 3noxn paHHett BcejieHHOH. BHa- 
qajie H^eT snoxa pox^eHHH KjiaccnnecKoro npocTpaHCTBa- BpeMeHH . 
^jih onHcaHHH 3toh da^HH pa3BHTHH (hjih cymecTBOBaHHH?) Harnett 
BcejieHHOH Heo6xo^HMO Hcnojib30BaTb noHnraa KBaHTOBoft rpaBH- 
TauHH hjih noHHTHa dpyHHOH rpaBHTaijHH. KBaHTOBaa rpaBHTaana 

HBJIHeTCH Heo6xO^HMbIM 3TanOM B pa3BHTHH TeopHH rpaBHTaixHH. 

O^Haico, ee ocHOBHbie 34>4>eKTbi Ha^HHaioT npoaBjiHTbCH, Kor^a 
njiOTHOdb BemecTBa aocraraeT njiaHKOBCKoft njiOTHocra (njiaHKOB- 
CKaa miOTHocTb — p pl ~ io y t/cm ). Cjie^yeT cKa3aTb, hto ceifaac 
Hd hh o^Horo 3KcnepHMeHTa, no^TBepamaiomero KBaHTOBWtt xa- 
paicrep ypaBHeHHH rpaBHTaijHOHHoro nojra. FIo3TOMy npn onncaHHH 



PaHHflH BceAeHHaa 37 



Ta6AMua 3.1 

OCHOBHbie 3F10XH 3BOAI014MM BceAeHHOki 



Ha3BaHHe anoxH 
h 4>H3HHecKHe npoueccbi 

B TO BpeMH 


BpeMH 
ot Bojibiuoro 

B3DbIBa 


TeMnepaTypa 


PoacaeHHe KJiaccmecKoro 
nDocTDaHCTBa-BpeMeHH 


lO" 43 c 


10 32 K 


Gra^HA hh4)jihumh 


~10- 42 -10 - 36 c 


MeHaeTCH b oqeHb 
iiiHpoKMX npeaejiax* 


Po^cneHHe BemecTBa 


10" 36 c 


~10 29 K 


PoxneHHe GaoHOHHoro 

H36bITKa 


10 35 c 


~10 2 * K 


3jieKTpocjia6faiH (J>a30BbiH 
nepexofl 


10 ,u c 


~10 -10 K 


KOH(J)aHMeHT KBapKOB 


10" 4 c 


~10 ,2 -10 13 K 


riepBH^HbiH HyKJieOCMHTe3 


1-200 c 


~10 9 -10 10 K 


^OMHHHpOBaHHe TCMHOH 

MaTepHH 


700 jieT 


300 000 K 


PeKOM6HHaiJH5I 


700 000 JieT 


3 000 K 


CoBpeMeHHaa anoxa 


20 000 000 000 JieT 


3 K 



* TeMnepaTypa bo BpeMfl CTa^HH hfkJuihuhh oqeHb 6wcTpo na^a- 
eT no Hyjra. CraOTH mh^huhh — 3to, b ochobhom, «xojioflHan CTa,aHH». 
Pea^bHbix nacTMii, bo BpeMH stoh cTa^MM npaKTH4ecKH HeT. MaTepwa npefl- 

CTaBJieHa OflHHM HJIH HeCKOJIbKHMH CKaJIHpHblMH nOJlHMPT. 



3TOH CTa^HH MCnOJIb3yK)TCH CaMbie oGlUMe M^eW O KBaHTOBOH 3BO- 

jiioumh BcejieHHOH KaK nejioro. 

B HacTOHiuee BpeMH o6menpH3HaHHoft cHMTaeTcn Tax Ha3biBae- 
M3,5i TeopHH «Bojibiuoro B3pbiBa» — po^eHMH BcejieHHoii M3 CMHiy- 
jiapHocTH (hjih, KaK HHor^a roBopHT, M3 npocTpaHCTBeHHo-BpeMeH- 
hoh neHbi). Bo BpeMH poacaeHHH TeMnepaiypa n ruioTHocTb Beme- 
CTBa ^ocrarajin njiaHKOBCKnx 3HaqeHnii. ILiaHKOBCKaa TeMnepaTypa 



38 TAaBa 3. Pa3AMHHbie 3noxn HaweM Bccachhom 



cocTaRJineT T v \ = 1,3 • 10 K. HaHHHaa c 3Toro MOMeHTa BcejieH- 
Han Haqajia pacnmpHTbca, TeMnepaiypa BemecTBa cTajia noHHacaTbca 
h o6T>eM BcejieHHOH Hanaji pacra. BpeMH cymedBOBaHHH 3toh cra- 
Ahh codaBJiaeT HecKOjibKO njiaHKOBCKHX BpeMeH t p \ ~ 10~ 43 c. 

3noxa MHcbA^UHH 

Hepe3 10~ 42 c nocjie po)K£eHHH KjiaccHHecKoro npocipaHCTBa- 
BpeMeHH bo BcejieHHOH HacTynHJia HHcJxjiHUHOHHan cTa^MH. OHa 
xapaKTepH3yeTCH npeaejibHO CHjibHbiM orpnuaTejibHbiM aaBjieHHeivi 
(ero HHor^a Ha3biBaioT coctohhhcm (j)ajibiiiHBoro BaKyyMa), npn 

KOTOpOM MeHHIOTCH CaMH 3aKOHbI o6bI4HOH ipaBHTaUHOHHOH (J)H- 
3HKH. BemeCTBO CTaHOBHTCH He HCTOHHHKOM npHTJDKCHHH, a HC- 
T04HMK0M OTTaJIKHBaHHH. Bo BpeMH 3TOH CTa^HH o6l>eM BcejieHHOH 

yBejiHHHBaeTCH Ha MHoro nopnflKOB (b HeKOTopbix Mo^ejiax jjaace 

Ha nopamcn nopa^KOB, cKaaceM b 10 10 ), b pe3yjibTaTe nero bch 
coBpeMeHHaa BcejieHHaa 0Ka3biBaeTca b o#hoh npn4HHH0-CBH3aH- 
hoh o6;iacTH, ypaBHHBaiOTCH KHHeTHqecKaa 3Hepraa pacuiHpeHHH 
BcejieHHOH h ee noTeHijHajibHaa SHeprna. H3-3a flewcTBHa chji 
orrajiKHBaHHH BcejieHHaa «pa3roHHeTCH» h npno6peTaeT Gojibiuyio 
KHHeTHHecKyK) 3HepraK), KOTopyio b aajibHeftineM mm Ha6jno#aeM 
b BHfle xa66jioBCKoro paciuHpeHHH no HHepuHH. 

Ha CTa^HH HH^JIHUHH H3 BaKyyMHblX KBaHTOBWX ^jiyKTyauHH 

CKajiapHoro nojra ^ pox^aiOTCH B03MymeHHH njioTHocra, a H3 KBaH- 
TOBbix (jxrcyKTyaijHH mctphkh — rpaBHTaijHOHHbie bojihm. BaicyyM- 
Hbie KBaHTOBbie (JmyioyauHH, KOTopbie o6hhho npoaajiflioTCH tojibko 
b MHKpocKonHHecKHx MacuiTa6ax, b 3KcnoHeHuwajibHO pacuiHpHio- 
mettcH BcejieHHOH 6bicTpo yBejiw^HBaiOT cboio jmiwy h aMnjiHTy- 

Jiy H CTaHOBHTCH KOCMOJIOrHHeCKH 3HaHHMbIMH. I"l03T0My MO)KHO 

CKa3aTb, hto CKonjieHHH rajiaKTHK h caMH rajiaKTHKH hbjihiotch 

MaKpOCKOnHHeCKHMH npOHBJieHHHMH KBaHTOBblX (|)JiyKTyaUHH. 

OajibuiHBbiH BaicyyM o6jia#aeT 6ojibinoH njioTHOCTbio noTeH- 
uwajibHOH 3HeprHH, no coBpeMeHHWM oueHKaM OHa cocTaBjra- 

go t 

eT 10 3pr/cM . YpaBHeHwe coctohhhh BemecTBa c oTpnijaTejib- 

HblM OTBJieHHeM HeyCTOHIHBO. OHO flOJDKHO CMeHHTbCH o6bI4HbIM 
^ O CKajiapHOM nojie cm. b rjiaBe 6. 
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(nOJIO)KHTeJIbHbIM HJIH paBHbIM HyjIK)) ^aBJieHHeM. ri03TOMy HH(|)JIH- 

UHOHHan 4>a3a pa3BHTH5i BcejieHHoft ^oBOJibHO 6wcTpo KOH4aeTCH, 
ee oKOH^aHHe npoHcxoflHT H3-3a pacnajia coctohhhh (J>ajibuiHBoro 
BaKyyMa. ripn 3TOM bch 3anaceHHaa b HeM noTemjHajibHafl 3HeprnH 
BbwejifleTca b Bime po>K#eHHH 4acrau h hx KHHeraqecKOH (TenjiOBoft) 
3HepraM. 06pa3yeTCH ropHnan ruia3Ma, cocTOHman M3 sjieMemapHbix 
nacTHu c TeMnepaTypoft ~ 10 16 F3B 2 \ ^pyrHMM cjiOBaMH, c okoh- 

HaHHeM 3IIOXH HH(J)JI5mHH poamaeTCH o6bI4Hafl MaTepHH. 

POKACHMe M36blTKa BemeCTB6 HdA aHTMBemeCTBOM 

ripupoaa B3aHMO^eMCTBHM b o6jiacTM 3HeprMft 10 16 TsB JXO CHX 
nop aajieica ot noHHMaHHH. Cpe^H cymecTByiomux Moaejieit B3anMO- 
^eHCTBHH ecTb TaKwe, KOTopwe npe,ziCKa3biBaioT noaBjieHne TH^cejibix 
jienTOKBapKOB — HacTHij, o6jia#aiomHx npn3HaKaMn jienTOHOB h 6a- 

PHOHOB. C^HTaeTCH, 4TO 3TM 4aCTHIJbI MOiyT B3aHMOfleHCTBOBaTb 

Me^ziy co6oh TaKMM o6pa30M, 4to H3MeHHeTCfl 6apnoHHoe 4HCJ10. 
M3MeHeHne 6apnoHHoro 4HCJia 03Ha4aeT, 4to MOxeT reHepwpoBaTb- 
ca H36biTOK BemecTBa Ha# aHTMBemeCTBOM. 3Ta cTa^Hfl Ha3biBaeTca 
3noxoft ropHHero 6apnocnHTe3a. 

PcoK^eHHio M36biTKa BemecTBa najx aHTMBemeCTBOM (6apnocnH- 
Te3) cooTBeTCTByioT 3HeprnH 3jieivieHTapHbix nacTHu E ~ 10 15 T3B 
(hjih T ~ 10 28 K). ripouecc, npoHcxojmmHft npn TeMnepaType 
T ~ 10 28 K, Ha3biBaeTCH o6m4ho BbicoKOTeMnepaTypHbiM 6apnocHH- 
Te30M, b OTJIH4MM ot HH3KOTeMnepaTypHoro 6apnoreHe3a, KOTopwii 
mo^kct nponcxoflHTb npn 3Ha4MTejibHO 6ojiee hh3khx TeMnepaTypax. 
Meacziy 3THMM AByMfl snoxaMH jieacHT TaK Ha3biBaeMafl «nycTbiH» 
B3aHMO^ettcTBHH». 3tot TepMMH 03Ha4aeT, hto HMHero HHTepecHoro 

C TO4KH 3peHHH COBpCMCHHOH 4M3HKH B 3Ty 3nOXy paCUIHpeHMH 

BcejieHHott He nponcxowr. 

BapMOHHbift 3apa^ MaTepnn Hauien BcejieHHOM Mo^ceT Taoce 
reHepHpoBaTbca, Kor^a TeMnepaTypa njia3Mbi na^aeT jxo 10 T3B 3 \ 

^ T3B — eflHHHua H3MepeHHH 3Heprnn b coBpeMeHHoft (})H3HKe sjieMemapHbix 
nacTHU. 3HeprHH 1 TaB npwviepHO paBHa nojiHOH 3HeprnH, coaep^ameHca b npoTOHe 
(corjiacHO ypaBHeHHio E = mc 2 ) hjih o^hoh TbicjmHOH 4acTH 3pra. 

3 ) TsB — eaHHHua H3MepeHHH 3Hepriw b (J>H3MKe sjieMemapHbrx qacrau, a66pe- 
BHaTypa cjioBa «Tepa3JieKTpoHBO^bT», paBHa npMMepHo o^HOMy spry. 
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HMeHHO 3Ta CTa^Hfl Ha3biBaeTca craweR xojio#Horo 6apHoreHe3a. 

CJIOBO «MO)KeT» OTHOCMTCH K HaiUCMy He3HaHHK), TOHHee roBopa, 
K OTCyTCTBMK) TBep^O yCTaHOBJICHHblX 3KCnepHMeHTaJlbHbIX 4>aKTOB, 

onncbiBaiomHx B3aH m o^e hctb ajieivieHTapHbix qacTHu b paifoHe 
3HeprHH 1 TsB h Bbiuie, me 3KcnepHMeHTajibHbie ^aHHbie npaKTM- 
necKM nojiHOdbK) oTcyrcTBy k)t . CymecTByiomHe TeopeTH^ecKHe mo- 
aenH yica3biBaK)T Ha TaKyio B03MoacHOCTb, xoth hh b oahom 3Kcnepw- 
MeHTe ro chx nop He Ha6jno^ajiocb HecoxpaHeHHe 6apnoHHoro HHCJia. 

3AeKTpocAa6biM (J>a30BbiH nepexoA 

4yrb Hnace no uiKajie 3HeprHM, ho npniviepHo b 3tom ace HHTep- 
Bajie TeMnepaTyp, nponcxo^m 3JieKTpocjia6bift $a30Bbift nepexo^. 
flo 3Toro MOMeHTa 3JieKTpoMarHHTHbie B3aH Mo^encTBHH h cjia6bie 
B3anMo^eHCTBHH c ynacTweM HeftTpnHo hbjihiotch e^HHbiM 3JieK- 
Tpocjia6biM B3anMO ( aeHCTBHeM. Flocjie Toro, KaK nponcxo^HT 4>a3o- 
Bbin nepexoA, 6o30hm — nepeHOCHHKH 3JieKTpocjia6oro B3aHMOAeft- 
ctbmh — W ± h Z 04 ^ daHOBHTCH MaccHBHbiMH (cpa6aTbiBaeT Me- 
xaHH3M ^HHaMH4ecKoro po>weHHH Maccw hjih MexaHH3M XHrrca), 
h cjia6oe B3anMO,aeftcTBne CTaHOBHTca «o4eHb cjia6biM» h kopot- 
Ko^eficTByiomHM, nocKOJibKy nepeHOCHmwe ero 6o3ohm o6jia^aioT 
Maccon ~ 100 T3B. B 3Ty snoxy cjia6bie h 3JieKTpoMarHHTHbie 

B3aMMO^eHCTBHfl, 6bIBUIHe flO 3TOrO MOMeHTa BpeMeHH e,Zl,HHbIMH 

B3aHMO^eHCTBHHMH, pacmenjraiOTC5i Ha o6bmHbie 3JieKTpoMaranT- 

Hbie B3aHMO£eftCTBHH, OCHOBHbIM KBaHTOM KOTOpblX HBJIfleTCH (J)0- 

toh, h cjia6bie B3anM0^eHCTBH5i c ynacTHeM HeinpHHo, ochobhmm 

KBaHTOM KOTOpblX HBJIHIOTCH BHOHbl, T. e. W ± - H Z-6030HbI. 

PO>KAeHMe npOTOHOB M HCHTpOHOB 

FfpOTOHbl H HeHTpOHbl HBJIHIOTCH COCTaBHblMH HaCTHIjaMH, OHH 
COCTOHT H3 KBapKOB H DIIOOHOB. B nOHTH CB06oflHOM COCTOHHHM 

KBapKM h rjnooHbi Moiyr cymecTBOBaTb TOJibKo b oneHb ropHHeft 
n;ia3Me, TeMnepaTypa kotopom 6ojibine (b 3HepreTH4ecKnx e#HHH- 
uax), 4eM Macca noKoa npoTOHa, t. e. npn TeMnepaTypax T > 10 11 K. 



' W m Z — a/ieMeHTapHbie 4acTHUM, KOTopwe 6wjih oTKpwTbi b 1980-x roaax; 

nOCJie OTKpblTHfl M H3yHeHHH HX CBOHCTB o6T>eflHHeHHafl TeOpHH 3JieKTpOMarHHTHOrO 

h cjia6oro B3aHMo^eHCTBHH nojiyMHJia CTaTyc hcthhhom TeopHH. 
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B paHHeft BcejieHHoft TeMnepaTypa 6bijia 3Ha4HTejibHO 6ojibiue 3Toft 
BejiM4HHbi, npoTOHOB h HCHTpoHOB He 6bmo, cymecTBOBaji TaK 
Ha3biBaeMbiH «KBapKOBbift cyn». B pe3yjibTaTe pacuiHpeHHH TeMne- 
paTypa na^aeT, KBapKH Ha4HHaioT coe^MHRTbCH, o6pa3ya npoTOHbi 

M HeHTpOHbl. 

3to npowcxo^HT npMMepHO npH TeMnepaType T ~ 10 11 K. 

B CBO604HOM COCTOHHHM B o6bI4HbIX yCJIOBHHX KBapKH H DIK)- 

OHbi He Moiyr cymecTBOBaTb KaK CBo6o#Hbie 4acTHijbi. 3to HBjieHwe 
Ha3biBaeTCH «HeBbijieTaHneM KBapKOB», hjih KOH(J)aftMeHTOM. B3an- 
MOAeficTBHe KBapKOB Apyr c flpyroM ocymecTBjiaiOT rjiiooHbi. Me^ay 
^ByMH KBapKaMM npn B3aHMo#eftcTBMH o6pa3yeTCH «cTpyHa» H3 diio- 

OHOB, KOTOpaH C^ep^KMBaeT HX OT CJIH11IKOM 6jIH3KOrO npM6jIH)KeHH5I 

jxpyr k apyry h ot cjimlukom 6ojibiiJoro y^aneHHH. B tom cjiynae, ecjin, 
npMJiaraa ycnjiHH, nonbrraTbcn pa3opBaTb «cTpyHy» h «pacTamnTb» 
KBapKH Ha 6ecKOHe4HOCTb, to «CTpyHa» «jionaeTCH» h Ha MecTe pa3- 
pbma o6pa3yeTca HOBaa napa KBapK— aHTHKBapK, nocjie 4ero yace 
#Be «CTpyHbi», coe^HHHiomHe 4eTbipe KBapKa, pa3JieTaK)TCH b pa3Hbie 

CTOpOHbl. 

Bojibiuaa TeMnepaTypa oKpyacaiomero BemecTBa no3BOJiaeT no,zi,- 
aepacHBaTb TaKOH npouecc b paBHOBecnw; KBapKH b TaKOM coctohhhh 

HBJIHFOTCH «KBa3HCB06o#HbIMH» 4aCTHljaMH. 

3noxa HyKAeocMHTe3a 

riocjie anoxH o6pa30BaHHH npoTOHOB h HeftTpoHOB Han6ojiee 
3aMe4aTejibHOH HBJiaeTCfl 3noxa HyKJieocHHTe3a, o KOTopoft 6bijia 
pe4b Bbiuie. OHa 6biJia b HHTepBajie ot 1 c jxo ~ 100 c. B 3tot 
nepHO# cHHTe3HpyK)TCH jiencne a^pa c aTOMHbiM BecoM (A < 5), 
6ojiee TH>Kejiwe ajjpa CHHTe3npyioTCH no3>Ke b 3Be3^ax. 

Cra^na HyicneocHHTe3a hbjihctch 3aKjno4HTejibH0ft CTauneft, ko- 
TopaH othochtch k paHHeft BcejieHHoft. B flaHHOft KHHre TepMHH 
«paHHH» BcejieHHaH» 6yaeT OTHOCHTbca k 3noxe 3bojiiouhh BcejieH- 
Hoft c MOMeHTa po>K^eHHH j\o 3 MHHyT nocjie po>K4eHHfl BcejieHHoft. 
KoHeu (3 MHHyTbi) BbiGpaH He cjiynaftHO. Hmchho TaKaa Kjiaccn(j)H- 
KauHH paHHeft BcejieHHoft 6bijia npezyio^ceHa b 3HaMeHHToft KHHre 
BeftH6epra «IlepBbie Tpn MHHyTbi» [1]. 

HcropHH BcejieHHoft Ha 3Toft 3noxe He K0H4aeTca. 
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Hama apa bo Bccachhoh 

3noxa AOMMHupoBaHMfl tcmhom MaiepHH 

Oie^yiomaa 3noxa, Korapaa nrpaeT BaatHyio pojib b kocmojio- 
rHH — 3to 3noxa ^OMHHHpoBaHHa (npeo6jia#aHHa) ckphtoh Maccbi. 

ripMpOfla CKpblTOH MaCCbl RO CHX IIOp HBJIHeTCH HeH3BeCTHOH. Ilo- 
3TOMy B KOCMOJIOrHH pa3JIH4aK)T flBa BHfla CKpblTOH Maccw — HDM 

(a66peBnaiypa aHrjioa3H*moro TepMMHa Hot Dark Matter) hjih ro- 
paqaa cKpbrraa Macca h CDM (Cold Dark Matter) hjih xojioflHaa 
CKpbiTan Macca. Ohh pa3JiH4aioTca no HecmnbKHM BaxHbiM napa- 

MeTpaM, HO OCHOBHOe MX pa3JIH4He 3aKJIK)HaeTCH B TOM, HTO B KOC- 

MOJioraqecKHX MO^ejiax c ropaneH ckphtoh Maccoft nojiynaioTca 
HHbie neKyjiapHbie ckopoctm rajiaKTHK, hqm b Moziejiax c xojioahoh 
ckphtoh MaccoH. Pa3JiH4aiOTca ohm TaKxe no MMHHMajibHOH Macce 
oG'beKTOB, KOTopbie nepBbiMH o6pa3yK)Tca bo BcejieHHOH. B Kane- 
CTBe HDM MaiepHH name Bcero roBopaT o MaccHBHOM HeftTpHHO 
(t. e. HeHTpHHO, o6jia,aaiomeM HeHyjieBOH Maccoft noKoa), xoTa pojib 
TaKott Maccw Moryr nrpaTb h apyrne qacnmH. B KanecTBe HocHTejia 
CDM name Bcero Ha3biBaioT aKCHOHbi — rnnoTeTHnecKHe nacra- 
Ubi, npH3BaHHbie b coBpeMeHHyio (J)H3HKy 3JieMeHTapHbix Hacrau 
ana Toro, 4to6h b aaepHbix B3aHM0,aeHCTBHax coxpaHajiacb CP-hh- 
BapwaHTHOCTb. XoTa b nocjie^Hee BpeMa b KanecTBe KaH^H^aTOB 
Ha pojib xojioflHOH ckphtoh Maccbi Bee name paccMaTpHBaiOT cra- 
6HjibHbie cynepnapTHepbi o6h4hhx 3JieMeHTapHbix qacrau, TaKHe, 
HanpMMep, KaK HeftTpajiHHO. 3noxa aoMHHHpoBaHHa CKpwToro Be- 
mecTBa HacTynaeT npnMepHo npn TeMnepaiype T ~ 10 5 K, xoTa, 

KOHeHHO, T04HHH MOMeHT BpeMeHH 3aBHCHT OT BH#a CKpblTOH Ma- 

Tepnn h ot napaMeTpoB cocTaBjiaiomnx ee nacTHij. HannHaa c 3T0H 
3noxH, pacTyr Majibie B03MymeHHa njiOTHocTH BemecTBa, KOTopbie 
k HameMy BpeMeHH yBejiHHHBaKyrca HacTOjibKo, hto noaBjiaioTca 
ranaKTHKH, 3Be3^w h njiaHeTbi. 

3noxa pe kom6m h a um h BOAopoAa 

Bcjie^ 3a 3noxoH aoMHHHpoBaHwa ckphtoh Maccbi HacTynaeT 
3noxa peKOM6nHaunH Bo^opofla. $o peKOM6HHauHH bo BcejieH- 
hoh cymecTByeT ropanaa njia3Ma, cocToamaa H3 Hacrau ckphtoh 
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MaTepHH, npOTOHOB, 3JieKTpOHOB, 4)OTOHOB H HeKOTOporO K0JIM4e- 

CTBa jiencwx aaep. Bo BpeMH peKOM6wHauHH npoTOHbi h 3jieKrpoHbi 
o6T>eaHH5iK)TCH h o6pa3yeTCH Bo^opoa — o^mh M3 caMbix pacnpocTpa- 
HeHHbix 3jieMeHTOB bo BcejieHHott. 3noxa peKOM6nHaunH coBna^aeT 
c 3noxoH npo3paHHocTH BcejieHHOH. JXtJio b tom, hto b ruia3Me cbct 
He pacnpodpaHHeTCH cboGoaho. Ootohm dajiKMBaiOTca c 3JieKTpo- 
HaMH h npoTOHaMH, pacceHBaioTCH, MeHHioT HanpaBjieHHe ABHaceHHH 
h nacTOTy. flpyrMMM cjioBaivtH, ohh «3a6biBaioT» Ty MH(J)opMauMK), 

KOTOpyK) HeCJIM £0 CTOJIKHOBeHHH. OM3M4eCKM 3TO MOXHO nOHHTb, 

ecjiH npHBecTH nprnviep, Kor#a Ha6jiK)^aTejib paccMaTpMBaeT hcko- 
TopyK) KapTMHKy BHaqajie cbo6o^ho, a 3aTeM CKB03b MyTHoe CTemio. 
EcTecTBeHHO, bo btopom cjiynae oh bh^ht ee ruioxo. Ecjih ctckjio 
coBceM MyTHoe, hjih, KaK roBopaT acTpoHOMbi, onTH^ecKaH toji- 
ma 6ojibiuaa, Ha6jiKxaaTe;ib KapTMHKy He bh^ht coBceM. ILiOTHaa 
njia3Ma wrpaeT pojib TaKoro MyTHoro CTemia. HaHHHaa c 3noxn 
peKOM6nHauHH, njia3Ma HC4e3aeT h BemecTBo cTaHOBMrca npo3pa4- 
HbiM. HHoraa 3tot MOMeHT BpeMeHH Ha3biBaioT 3noxott nocjie^Hero 
pacceHHwa hjih noBepxHOCTbio nocjie^Hero pacceaHHa. TeMnepaTy- 
pa 3toh 3noxH M3BecTHa oneHb xopomo H3 jia6opaTopHoft (]dh3hkh 
h npHxoflHTca Ha HHTepBan 3 000-4 500 K. 

Ootohm, pacceflHHbie nocjie^HHH pa3, ^oxoaht jxo Ha6jno#a- 
TejiH, npaKTHHecKH He B3aHMO,neHCTBya c BemecTBOM no aopore. 
3th (J)OTOHbi h o6pa3yK)T pejiHKTOBoe H3jiyneHHe. Oho o6jia#aeT 
cneKTpoM a6cojiK)THO qepHoro Tejia h k HacToameMy BpeMeHH HMeeT 
TeMnepaTypy 2,75 K. Pa3HHua b TeMnepaTypax 3 000 K h 3 K o6ycjio- 
BjieHa TeM, hto c 3noxH nocjie^Hero pacceaHHa pa3Mep BcejieHHOH 
yBejiHHHjicH npHMepHO b 1000 pa3. EcTecTBeHHO, hto Bee HepaBHO- 
MepHOCTH pacnpe^ejieHHH TeMnepaTypbi no noBepxHOCTH nocjieflHero 
paccenHHH ocTaioTca b BHue yniOBOH HepaBHOMepHOcra pacnpeae- 
jieHHH TeMnepaTypbi pejiHKTOBoro H3JiyneHHa no He6y. Ha6jno,naa 

3TH HepaBHOMepHOCTH HJIH aHH30TponHK), KOCMOJIOm ^ejiaioT Bbl- 

Bo^bi o cneKTpe nepBH4Hbix B03Mym,eH h h , 06 ochobhwx napaMeTpax 
BcejieHHOH h o (J)H3HKe b o6jiacTH 3HeprHH 10 28 K. 

3noxa peKOM6HHauHH Boaopoaa xapaKrepn3yeTca name Kpac- 
hmm CMemeHHeM. Tobopht, hto noBepxHOCTb nocjie^Hero paccea- 
HHa jiokht npw z 1 000. Ha6jno#aTejib Haxo^HTca npn z = 0. 
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flpyrHMH cjiobsmh, noBepxHOCTb nocjie^Hero paccenHHH jiokht «pa- 

flOM» no MepKBM KOCMOJIOHIH. 

06pa30B6HMe KpynHOMaciuTa6HOH CTpyKTypw Bccachhom 

O^HaKo, b npoMe^cyTKe Me>K£y anoxoft peKOM6nHau,Hn h Ha- 
uihm BpeMeHCM jiokht eme oflHa BaxHaa 3noxa — o6pa30BaHHe 
KpynHOMacuiTa6HOH crpyicrypbi BcejieHHofi hjih o6pa30BaHH5i CBepx- 
CKonjieHHH rajiaKTHK. Ycjiobho 3Ta 3noxa npuxoflHTca Ha KpacHoe 
CMCIUCHMC Z 10, t. e. Koraa TeMnepaiypa pejiHKTOBbix ^otohob 
najjaeT jyo 30° K. B npoMeacyTKe ot z to 10 jxo z « 0 jie^cHT anoxa 

HejIHHeftHOH CTa^HH 3BOJIIOUHH BHeraJiaKTHHeCKHX oO'beKTOB, t. e. 

3noxa o6biHHbix rajiaKTHK, KBa3apoB, CKomieHHH h cBepxcKomieHHH 
rajiaKTHK. CaMbiH aajieKHH KBa3ap, H3BecTHbiH Ha cerojjHauiHHH 
TOHb, HMeeT z « 4,7. 

Ceftnac acrpoHOMbi HafrjuoaaioT xopomo BbipaxeHHyio CTpyK- 
Typy pacnpe^eJieHHH rajiaKTHK b KpynHbix Macurra6ax cpaBHHTejibHo 
6jih3ko k HaM. Pacnpe^ejieHHe rajiaKTHK Ha6jno^aeTCii TaKHM MeTo- 
aom: 4>OTorpa4>HpyK)TCH Bee ranaKTHKH b Bbi^ejieHHbix njioma^Kax 
Ha He6e h H3MepHioTCH hx KpacHbie cMemeHHH. no KpacHbiM civie- 
meHHHM (a He KaKHM-jiH6o apyrciM cnoco6oM THna HH^HKaTopoB 
paccTOflHHft) BbWHCJineTCH paccTOHHHe no rajiaKTHKH h TaKHM o6pa- 
30M cocTaBjiHeTca KapTHHa TpexMepHoro pacnpeaejieHHH rajiaKTHK 
b npocTpaHCTBe. 

BjiH3Kyio BcejieHHyio, KOTopaa Haxo,n,HTC5i ot Hac Ha paccTO- 

HHHH Z < 10 BnjIOTb flO Z « 0, H3yHaK)T He TOJIbKO KOCMOJIOrH, 

ho TaKxe h cneunajiHCTbi jipyrnx o6jiacTen acTpoHOMHH, b qacTHO- 
cth, 6ojibiUHHCTBo oG^eKTOB b 3tom flnana30He KpacHbix CMemeHHH 
H3yHaeTca MeTo^aMH BHerajiaKTHHecKoft acTpoHOMHH. 3to To^ce Ba^c- 
Haa h HHTepecHaa o6jiacTb coBpeMeHHOH acTpoHOMHH. OflHaKO ee 
o6cyxaeHHe 3aBejio 6w Hac cjihiijkom #ajieKO ot ocHOBHoro cioaceTa 

3TOH KHHrH. 

HoBaa spa MHc|>AflUMM? 

B KOHue 1998 ro#a acTpoHOMbi coBepumjiw HOBoe oTKpbirae — 
o6HapjOKeHO ycKopeHHoe paciunpeHHe Haiueft BcejieHHOH. Cen^ac 
BcejieHHaa 4acra4H0 3anojiHeHa BemecTBOM, no cbohm CBOHCTBaM 
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noflo6HbiM nbijiH, a qacTHHHO njiOTHOCTb BcejieHHOH o6ecneHHBa- 

eTCH HOBbIM BHtfOM MaTepHH — KBHHT3CCeHUMeft, HJIH A-HJieHOM. 

B paHHefi BcejieHHOH A-qjieH o6ecneqHBaji hh^jihijhio. BejiH4HHa 
ero 6bma 3Ha4HTejibHo 6ojibiue, h oh hbjihjich He hoboh 4>yHfla- 
MeHTajibHow MHpoBott KOHCTaHToft, a reHepnpoBajica b pe3yjibTaie 
HeKOTopbix npoueccoB, nponcxoflflmnx b paHHeft BcejieHHOH. 

CoBpeivieHHbiH A-4jieH MoxeT Taioice HMeTb «£HHaMH4ecKoe» 
npoHCxo>KneHHe, oh MoaceT 6biTb pe3yjibTaTOM hckhx (J)H3H4ecKHx 
npoueccoB, KOTopwe mm noica He noHHMaeM. Ho oh Mo>KeT 6biTb 
TaioKe hoboh (J)yHaaMeHTajibHOH KOHcraHTOH. Ey^ymHe HCCJie^oBa- 
hhh floJDKHbi noATBep^HTb cymecTBOBaHne HeHyjieBoro napaivieTpa 
ycKopeHwa Harnett BcejieHHOH h pa3ra#aTb ero npupoay. 

CeH^ac mo>kho TOJibKO CKa3aTb, hto njioraocTb o6bmHoro Be- 
mecTBa bo BcejieHHOH y6biBaeT KaK Ky6 MacuiTa6Horo (Jmicropa, 
a njiOTHOCTb BemecTBa, accounnpoBaHHoro c A-*uieHOM, ocraeTcn 

nOCTOHHHOH B XOfle paCUIHpeHHH (T04Hee, MeHHeTCH 3Ha4HTeJIbHO 

Me/yieHHee, hcm Ky6 Maciirra6Horo 4>aKTopa). 3to 3Ha4HT, hto 6jih3- 
Ka 3noxa (no KocMOJiorrmecKHM MepicaM) ^OMHHHpoBaHHH 3Toro 
HOBoro BH^a MaTepHH, HOBaa 3noxa 3KcnoHeHijHajibHoro paciimpe- 
hhh, HOBan 3noxa hhcJuihuhh. 

TaKOBbi ocHOBHbie 3noxH pa3BHTHH Hameft BcejieHHOH, KOTopwe 
H3ynaeT KocMOJioraa. H^en h 4>aKTbi, oGcy^aiomHeca b 3toh rjiaBe, 
c 6ojibiiioH CTeneHbio no#po6Hocra H3JioxeHbi b [3]. 



3aKOHbi, ynpaBAsiioiiiMe 3bomoijiicm 

Hauiero MMpa 



BcejieHHaa KaaceTca 6ecKOHe4HOH. Hzjea 6ecKOHe4Hoc™ Bce- 
jieHHoft oBjia^ejia acrpoHOMaMH k kohuy npomjioro BeKa. C Ka^mwM 

HOBbIM nOKOJieHHeM aCTpOHOMMHeCKHX TeJieCKOnOB OTKpblBaJIHCb 

HOBbie o6i>eKTbi bo BcejieHHOH, Ka^biii pa3 ohm Gmjih pacnojioace- 
hh aajibiiie. HepaBHOMepHoe pacnpe^ejieHHe njioraocTH crjiaatHBa- 
jiocb npn nepexoae k hobhivi Maciirra6aM, pacnpe^ejieHHe BemecTBa 
CTaHOBHJiocb Bee 6ojiee o^Hopo^HbiM. ripn TeopeTHqecKOM onHca- 
hhh BcejieHHOH 3to npeacraBjiajio co6oft HaH6ojibinyio, a 6w aaace 
CKa3aji, HeKOTopwx nop Hepa3peuiHMyio TpyaHocm 

B neM aejio? OcHOBHaa CHJia, mropaa ynpaBjiaeT flBHaceHHeM 

MHpOB — 3TO CHJia ipaBHTaiJHH. HanOMHHM, 4T0 OCHOBHOe COOT- 

HOineHHe, onncwBaiomee rpaBHTaijHOHHoe B3anMoaeftcTBHe, 6hjio 

OTKpblTO H. HblOTOHOM H Bbirjia^HT TaK! 

F = -^n. (4.1) 

3^ecb mi, 7712 — Maccbi £Byx Teji, G — rpaBHTaunoHHaa no- 
CTOHHHaa, r — paccToaHHe lvieamy TejiaMH. Beicrop n HanpaBjieH 
ot o^Horo Tejia k ^pyroiviy, a ero HanpaBJieHne BbiGpaHO TaK, 4To6bi 
BeKTop F onncbiBaji cnjiy npHTaaceHHa. Ecjih Tenepb mm nonpo6yeM 
BbiHHCJiHTb rpaBHTaaHOHHyjo cmiy, KOTopaa B03#eHCTByeT Ha Kaicyio- 
jih6o nacTHuy co dopoHbi BemecTBa b 6ecKOHe4HOH BcejieHHOH, to 
o6HapyxHM, hto 3Ta CHJia 6ecKOHenHa. 

BecKOHe^Haa cmia flencTByeT Ha npo6Hyio nacrauy c o^hoh 
CTopoHbi, 6ecKOHe4Haa CHJia fleftcTByeT Ha Hee c npoTHBonojioac- 
hoh CTopoHbi. Ohm BbWHTaiOTca, ho pe3yjibTaT BbmHTaHHa 3aBHCHT 
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ot cnoco6a BbiHHTaHHH \ TeopMH, KOTopaa onHCbiBana 6ecKOHe4Hbift 
MHp c o^Hopo^Ho pacnpe^ejieHHbiM BemecTBOM, 3aBHcejia ot bm6o- 

pa aBTOpa! KOHeHHO, 60JIbUIHHCTBO aCTpOHOMOB K TaKHM TeopHHM 
OTHOCHJIHCb C HeKOTOpOH flOJieH HpOHHH. 

ripo6jieMa OKa3ajiacb peiuaeMOH TOJibKO nocjie co3,aaHHH o6meft 

TeopHH OTHOCHTeJIbHOCTH. IlOCJie C03 ( fl,aHHH COBpeMCHHOH pCJIHTH- 
BHCTCKOH KOCMOJIOrHH BblHCHHJIOCb, HTO H B paMKaX HblOTOHOB- 

ckoh KapTHHbi MHpa mo>kho HaHTM a^eKBaTHoe onHcaHwe OflHOpOfl- 
hoh h 6ecKOHe4Hoft BcejieHHOH. Pa3BHTne TeoperaHecKoro no^xcaa 
k onwcaHHK) 6ecKOHe4Hoft BcejieHHOH c o^Hopo^HbiM pacnpe^ejie- 
HneM BemecTBa 6yzjeT oGcyac^eHO b 3toh rjiaBe. OHa — caiviaH Hacw- 
meHHaa (j)opMyjiaMH rjiaBa khh™, xoth Hcnojib3yioTCH b ochobhom 
ypaBHeHHH KJiaccnqecKOH MexaHHKH. B Tex cjiyHaax, Kor^a HbKyro- 

HOBCKHX 3aKOHOB OKa3bIBaeTCH HeflOCTaTOHHO, HJIH OHH Hea^eKBaTHO 

onncbiBaiOT BcejieHHyio, 6yayr flejiaTbca cneijHajibHbie oroBopKH. 

OpHAMaHOBCKan MOAeAb 

Hnxce 6ynyr ynoTpe6jiaTbca iiohhthh, KOTopbie hbjihiotch hhcto 
KOCMOJiorHHecKHMH; ohh He Hcnojib3yK)TC5i b apyrwx o6jiacTHx acTpo- 
homhh hjih 4)H3hkh. B 3toh niaBe TaKHe noHHTHH 6y#yT o6i>acHeHbi. 
JXnn 3Toro 6y^yT Hcnojib30BaTbCH MaTeMaranecKHe h (J)H3H4ecKHe no- 
hhthh h ypaBHeHHH. Xoto MaTeMaTHHecKHH annapaT coBpeMeHHoit 

KOCMOJIOrHH OHeHb CJIO^CeH, HeKOTOpbie OCHOBHbie nOHHTHH MO)KHO 

paccKa3aTb, He npn6era5i k cneunajibHbiM 3HaHHHM. IIo3TOMy npn 
o6i>flCHeHHHX h 6yay CTapaTbca H36eraTb cjioxhux noHflraft. Rjin 
Toro hto6w pa3o6paTbCH b H3JiaraeMOM HHace MaTepnajie, Tpe6yioTCH 
3HaHHH b o6i>eMe CTapuiHX KJiaccoB cpe^Heft lukojih. 

Koma mh roBopHM o pacinnpaiomeHCH BcejieHHOH, mm HMe- 
eM b BHfly, hto rajiaKTHKH pa3JieTaiOTCH, y^ajiHacb apyr ot apyra. 
B Mo^ejiH OpH^MaHa rajiaKTHKH 3aMeHeHbi npo6HbiMH qacraijaMH, 
o6jia£aiomHMH Maccoft. Hacrau b TaKoft mo^jih MHoro, npn aHajin- 
3e CTaHOBHTca ecTecTBeHHbiM He paccMaTpHBaTb flBH^ceHne Ka^caoii 

^ Boo6me roBOpa, pa6oTa c pacxoawvfocTHMH b MaTeMaTHice npe^CTaafiaeT Tpya- 
HocTb aa^ce cero^Hfl. Cto jieT Ha3an 3Ta pa6oTa 6buia eme Tpy^Hee. 
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qacraubi oTaejibHo, a Hcnojib30BaTb napaMeipw, npHHHMaiomHe 
HenpepbiBHbie 3Ha4eHna. 

ripw onwcaHMH HenpepbiBHOH cpe^bi b paMKax HbioTOHOBOH 

MexaHMKH MOXHO IIOJIb30BaTbCH nepeMCHHblMH 3fUlQpa 2 \ a MO)K- 

ho — JIarpaHaca. IlepeMeHHbie 3ftjiepa 6yaeM o6o3HanaTb 6yKBaMn 
jiaTHHCKorq aji(J)aBHTa x, y, z, a nepeMeHHbie JIarpaHaca 6yKBaMH 
rpenecKoro aji(J)aBHTa 7/, (. PaccMOTpHM njiOTHOCTb cpe^bi p k&k 
(J)yHKi^Hio x m t. Ecjih mh nojiaraeM cc = const, to 3HannT mh 
cjie#HM 3a 3BO^K)UMeH cpe^bi b onpe^ejieHHoft tohkc npocTpaHCTBa. 
IlpH 3tom mw He cjieflHM 3a cyflb6oft oTflejibHbix nacTim. Ecjih ace 

Mbl XOTHM paCCMOTpeTb 3aKOH flBH)KeHMH OTfleJIbHOH HaCTHIJbl, TO 

mw aojdkhu peoiHTb ^H4>4>cpeHmiajibHoe ypaBHeHwe h Hairm KaK 
H3MeHaeTca Koop^HHaTa qacTHuw x(t) b Ka^abitt momcht BpeMe- 
HH. OyHKUHH x(t) 3aBMCHT ot HecKOjibKHx napaMeTpoB, O^HMM 
H3 TaKMx napaMeTpoB HBjraeTCH HananbHoe nojrc»KeHHe nacTHUbi. 
3a4>HKCnpyeM nojioxeHHe qacraij b HanajibHbiH momcht BpeMeHH t 0 
h o6o3Ha4HM nojioaceHHe Ka^aoft nacTHUbi rpenecKoft 6yKBOH f , 
3Ha4eHwe KOTopoft y Ka^oii HacTHijbi — cboc Tor#a 3aKOHbi rbh- 
xeHHfl Kaacaoii nacTHUbi mo)kho npe^CTaBHTb b BH,ae (J)yHKijHH #Byx 
nepeMeHHbix £) 3 \ 3aecb nepBbift napaMeTp — BpeMH, a btopoh 
napaMeTp — HOMep Hacraubi (hjih, KaK tobopht b MaTeMaraKe, 
Ha^ajibHoe 3HaqeHHe Koop^HHaTbi). Ilojiarafl Tenepb £ == const mw 
cjie^HM 3a 3BOJnouHett cpe^bi, conyTCTByiomeft Bbi6paHHOH Hacraije. 

PaccMOTpHM onncaHHe 3bojiiouhm cmioiiiHOH cpe^bi b nepeMeH- 
Hbix 3njiepa h JIarpaHxa Ha npuMepe pacmnpHiomeHCH BcejieHHOH. 
OTOejibHbie rajiaKTHKH 6yaeM HyMepoBaTb KoopflHHaToH anx no- 
jioxeHne b npocTpaHCTBe KoopaHHaTOH x. 0H3HHecKoe paccTOHHHe 
Me^my flByMH rajiaKTHKaMH ecTb: 

x(t) = a(t)£, (4.2) 

r,zje £ — «conyTCTByK>mee» paccTOHHwe hjih paccroHHHe, B3H- 

TOe B HeKOTOpblH MOMCHT BpeMeHH, a(t) — (J)yHKUHH BpeMeHH, 

2 ^TaK b MexaHHKe ciijioiiihoh cpe^w Ha3biBaeTcn o^hh H3 cnoco6oB onHcaHHfl 
3bojiiouhh 3toh cpeflbi, b MecTb 3HaMeHHToro poccHHCKoro y^eHoro, HJieHa HMnepa- 
TopcKOH aKa^eMHH Hayx JI. 3ftjiepa. 

3 ) Boo6me roBOpn, Heo6xoflHMO Taoce 3HaTb HanajibHoe 3Ha*ieHHe ckopocth, 
ho ana paccMaTpHBaeMOH 3aaanH 3T0 He BaxHo. 
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KOTopan xapaicrepH3yeT H3MeHeHHe paceroaHHH Meamy rajiaKTHKa- 
mh co BpeMeHeM. B KOCMOJioran 3Ta 4>yHKUH5i HeceT 04eHb Baac- 
Hyio Harpy3Ky. OHa Ha3biBaeTca Macurra6HbiM 4>aicropoM paciim- 
paiomeftca BcejieHHoft h noKa3biBaeT, jcajc H3MeHaioTca Maciirra6bi 
co BpeMeHeM. 

3aKOH Xa66jia oTcio^a mo>kho nojiyHHTb cjie^yiomuM cnoco6oM. 
PaccMOTpHM paccTOHHHe Meacay ^ByMa rajiaKTHKaMH, b oahoh H3 ko- 
Topwx Haxo^HTca Ha6jiK)flaiejib. OHa 6yaeT HMeTb Koop^HHaTy £ = 0. 
Mbi 6y#eM paccMaipHBaTb hx b pa3JiH4Hbie, ho 6jiH3KHe momchth 

BpeMeHH x(t 2 ) H x(t\). Pa3HOCTb 3THX BeJIHHHH Ax = x(t 2 ) ~ x(tx) 

paBHa paccTOHHHio, Ha KOTopoe BTopaa rajiaKTHKa ouieiejia ot nep- 
boh 3a npoMeacyroK BpeMeHH At = t 2 - t\. CKopocTb yaaneHHa 

BTOpOH raJiaKTHKH OT nepBOH paBHa, COOTBeTCTBeHHO, V = ^ . Buq- 

cto Ax no^CTaBHM Tenepb npoH3Be^eHwe MacuiTa6Horo (^aicropa 
Ha BejiHHHHy £ H3 ypaBHeHHa 4.2, Tor^a nojiy^HM HOBoe ypaBHeHHe 
,zyia CKopocTH yaajieHHH rajiaKTHK flpyr ot apyra 

a(t 2 ) - ajU) 
V= ST"*' 

Tenepb pa3flejiHM nojiy^HBiiieeca ypaBHeHHe fljia ckopocth Ha ypaB- 
HeHHe (4.2) zuia CBH3H $H3HHecKoro paccTOHHHH x h MacuiTa6Horo 

4>aKTOpa. IlOJiyHHM, 4TO OTHOUieHHe CKOpOCTH K paCCTOHHHK) 3aBH- 

cht TOJibKO ot Maciirra6Horo 4>aicropa h ero npoH3BOflHoft no Bpe- 
MeHH: 

v 1 a(t 2 ) - a(t { ) 



x a(t\) At 



(4.3) 



BejiHHHHa, KOTopaa ctoht b npaBoii qacra ypaBHeHHa, Ha3biBaeT- 
ca napaMeTpoM Xa66jia. ^pyrHMH cjioBaMH, nocroaHHaa Xa66jia 
paBHaeTca npoH3Bo^HOH ot MaciiiTa6Horo 4>aKTopa, pa3aejieHH0H 
Ha caM MacuiTa6Hbiii (J)aKTop. 

HaqajibHoe paccroaHHe Meac#y nacrauaMH Bbinajio H3 ypaB- 
HeHHa Xa66jia, 3to BaacHoe 3aKjno4eHHe. TaKOH 3aKOH ^BHxeHHa 
(J)opMHpyeTca b oneHb cneuH(J)H4ecKHx ycjiOBHax, KOTopwe 6yayr 
onncaHbi b rjiaBe 8, nocBameHHOH HHtJwiauHOHHOH CTa^HH pa3BHTHa 
BcejieHHoft. 
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TpaBHTdUHOHOe B3dHMOA€MCTBH€ B OAHOpOAHOM MMpe 

PaCCMOTpMM (J)H3HHeCKHe 3aKOHbI, ynpaBJIHIOmHe 3BOJIK)IJHeH 
BceJieHHOH. BbmeJIHM B OflHOpOOTOH H H30TponHOH BcejieHHoft 

map, pa^Hyc KOToporo paBeH x(t). B HbioTOHOBCKoft rpaBHTauHOH - 
hoh TeopHH cymecTByeT TeopeMa, corjiacHO KOTopoft BHyrpn mapa, 
Bbipe3aHHoro b oaHopo^HOM pacnpeaejieHHH BemecTBa, cwjia th- 
roTeHHa paBHa Hyjiio. rioacHMM ee. PaccMOTpHM c<J)epy, TOJimHHa 
noBepxHOCTHoro cjioh kotopoh 3HawrejibHO MeHbiue, 4eM ee pa^wyc 
(cm. puc. 4.1), oGjia^aiomyio paBHOMepHoft ruioTHOCTbio no Been no- 
BepxHOCTH. BbiHHCJiHM cmiy npHTHaceHHH, aeiiCTByiomyio Ha HeKO- 
Topyio TOHKy Q, Haxo^nmyioca BHyrpH c(J)epbi. fljm 3Toro npoBe^eM 
KOHyc c BepuiHHOH b 3TOH T04Ke ixo nepeceneHHH co c(J>epoH, KpoMe 
Toro, npoBe^eM coochwh KOHyc b npoTHBonojio>KHOM HanpaBJieHHH. 
CeneHne nepBoro KOHyca co c(J)epoH o6o3HaHHM Ei, ceqeHHe bto- 
poro £2 • Macca nepBoro ceqeHHH paBHa noBepxHOCTHOH njioTHocTH 
c(J>epbi <r, yMHoaceHHoft Ha njiomajib ceqeHHH: M { — a x T,\ , a Macca 




PMC. 4.1. PMCyHOK, nOflCHfllOLUMM OCHOBHOM 33KOH rpaBMTaUMM B OAHOpOAHO 

m M30TponHo pacnpeAeAeHHOM BemecTBe 
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BTOporO M2 = (T X £ 2 - Pa3HOCTb CMJI npHT5DKeHHH, fleftcTByiomHx 

Ha T04Ky Q (c Maccoft m) co dopoHbi Kaacaoii 4acTH c4>epbi, paBHa: 

M\ M2 
AF = Gm—z- - Gm—y. 



IlocKOJibKy Macca ica;*moro H3 ynacTKOB nponopuHOHajibHa njio- 
ma^M ynacTKa, a rniomazjb ynacTKa paBHa KBanpaiy paccToaHHa, 
yMHoaceHHoro Ha TejiecHbift yroji u>, to pa3HOCTb chji, fleHCTByiomaa 
Ha TOHKy Q, paBHa Hyjiio. 

PacnpocTpaHHM Hame paccyx^eHwe Ha ocTaBmyFoca 4acTb cc})e- 
pbi. IloKpoeM bck) ocTaBiuyKDca nacTb c(J)epbi coochmmh KOHycaMH, 
nepeceKaiomHMHca b tohkq Q. Tor#a, paccy>*maa TaK >Ke, KaK h npe- 
>K#e, mw y6e,aHMca, 4T0 nojraaa rpaBHTaunoHHaa cnjia, ^eftdByiomaa 
Ha TOHKy Q co dopoHbi c^epbi, paBHa Hyjno. 

Tenepb paccMOTpuM apyryio ccj)epy, ueHTp KOTopoft coBna^aeT 
c HameH. riycTb pa^nyc 3toh c<J)epbi 6yaeT 6ojibme. npHTaaceHHe 
co CTopoHbi 3toh ccj)epbi Ha TOHKy Q BHOBb oTcyrcTByeT! OcTa- 
jiocb c^ejiaTb TOJibKO o^hh mar b Hauiwx paccyameHHax. BbipeaceM 
b o^hopoaho pacnpe^ejieHHOM BemecTBe (HanoMHio, hto njiOTHOCTb 
b TaKOM BemecTBe o^nHaKOBa bo Bcex T04Kax npocTpaHCTBa) map. 
Y6epeM Bee BemecTBO H3 mapa. noca^HM b uemp mapa Ha6jno,ija- 
Tejia O. IlycTb ero Macca 6yaeT npeHe6pe>KHMO Majia w He 6y^eT 

OKa3bIBaTb BJIHHHHa Ha flBHXeHHe OCTaJlbHblX Teji bo BcejieHHoft. 

Cnjia TH^cecTH BHyrpH mapa 6y^eT OTcyrcTBOBaTb. 3to 3Ha4HT, 4to 
jno6aa Apyraa T04Ka (KOTopaa HMeeT npeHe6pe^cHMo Majiyio Mac- 
cy) BHyrpH mapa, cKa>KeM, TO4Ka Q, 6yaeT «BHceTb» oTHocHTCJibHO 
Ha6jiiOAaTejia Heno^BHXHo. BemecTBO bhc mapa MoxceT MeHaTb, Ha- 
npHMep, cbok) njiOTHOCTb hjih rpaHHUbi c4>epbi Moiyr yaanaTbca 

C HeKOTOpOH CKOpOCTbK) OT Ha6^K)^aTeJia; Ha B3aHMHOM £BH)KeHHH 

Ha6jno^aTejia O h to4kh Q 3to HHKaK He oTpa3HTca! He BH^a 
BHemHero BemecTBa, O h Q npocTo He Gynyr «3HaTb» o ero cyme- 

CTBOBaHHH. 

Ho nonpo6yftTe ^o6aBHTb HeMHoro BemecTBa Meac.ay O h Q. 
KapTHHa cpa3y H3MeHHTca. Bo3HHKHeT cwjia npHTaaceHwa k Kyco4Ky 
BemecTBa, h HaGjiio^aTejib O Ha4HeT ^BwraTbca k HeMy. Taoce 
6y#eT ^BHraTbca h BTopaa T04Ka Q. Ectcctbchho , 3to cpa3y 6yaeT 
3aMeTHO. 
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H3 3thx paccyacneHHft moxho caejiaTb npocran bmboa. 

PaccMcrcpHM 6ecKOHe4Hoe npocTpaHCTBo, 3anojiHeHHoe o#ho- 
poaHO pacnpeznejieHHbiM BemecTBOM. BbmejiHM b npocrpaHCTBe #bh- 
aceHne flByx npo6Hbix Hacraij; o^Ha qaeraua abjihctch Ha6jnoaa- 
TejieM O, BTopan — KaKHM-jin6o BHerajiaKTHHecKHM o6i>eKTOM, 
HanpHMep, KBa3apoM Q. Bhboa, kotopmh mo)kho cuejiaTb H3 npn- 
Be^eHHbix Bbiiue paccyameHHH, 3aKjiK)HaeTca b tom, hto jxbh^qhkq 

TO4KH Q OTHOCHTejIbHO T04KH O OnpeflCJiaeTCfl TOJIbKO Maccoft, 3a- 

KjiioHeHHOH b mape, npoBe^eHHOM BOKpyr to4km O c pa,zmycoM, 

paBHbIM paCCTOHHHK) OT O flO Q. 

3Ta Macca paBHa (b HbiOTOHOBoft Teopnn) 

47T 

M = —px 3 . (4.4) 
IloqeMy c^ejiaHa oroBopKa «b hmotohoboh TeopnH»? flejio b tom, 

4T0 B KOCMOJIOrHH ypaBHCHHH flBPDKeHHH, 3aKOHbI COXpaHCHHH M T. n. 

Heo6xoflHMO 3anncbiBaTb b pcjihthbhctckom bh^c Ohh HecKOJibKO 

0TJIH4aK)TCfl OT aHajIOrHHHblX 3aKOHOB B HblOTOHOBCKOH <})H3HKe. TaK, 

cooTBeTCTByiomafl Macca (M), KOTopan ctoht b 3axoHe coxpaHeHHH 
3Heprnn BH^a 

mv 2 GmM 

— = const (4.5) 

2 x 

h onpe^ejraeT noTemjHajibHyK) 3Hepraio npo6Hoii qaeraubi c Mac- 
coft m b rpaBHTaijHOHHOM nojie Maccbi M, b tohhocth coBna^aeT 
c KjiaccHHecKHM onpe^ejieHHeM Maccw (4.4). 

OflHaico b 3aKOHe flBJOKeHHH, KOTopbifl nojiy^aeTCH H3 3aKOHa 
coxpaHeHHH 3HepniH ,zjn<})(|)epeHUHpoBaHHeM ero no BpeMeHH, Macca 
npHTaniBaFomero Tejia onpe^ejiaeTCH yace c yneTOM nojiHon 3Heprnn 
3Toro Tejia. Ecjih Macca npoGHoro Tejia (m) MoaceT paccMaTpnBaTbcn 
KaK nocTOAHHaa, to Macca uiapa c ueHTpoM b tohkc O yl pa#nycoM 
paBHbiM paccTOAHHK) ot O flo Q yace He MoaceT paccMaTpuBaTbcn 
KaK nocTOHHHaa. Macca TaKoro uiapa npn pacmnpeHMM mchhctch, 
nocKOjibKy aaBjieHwe coBepmaeT pa6oTy, t. e. MeHaeTca 3HeprnH, 
KOTopaa Toxe bccht! HanoMHHM, hto b pcjihthbhctckoh 4>H3HKe 
Macca h 3Heprna CB»3aHbi cooTHomeHneM E — Mc 2 . 

rio3TOMy onpeaejieHMe Maccbi (ncTOHHHKa rpaBHTamioHHoro 
nojin) b ypaBHeHHHX flBHacemiH b pcjihthbhctckoh Teopnn OTJinnaeT- 
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ch ot KJiaccn4ecKOM Teopww. B KJiaccn4ecKoft (J)H3HKe Macca paBHH- 
eTCH npoM3BezieHHio njioTHOCTM Ha o6i>eM, b pcjihtmbmctckoh TeopwH 
k 3TOMy onpe^ejieHMK) aoGaBjiaeTca eme o^ho cjiaraeivioe — npoM3Be- 
aeHHe yTpoeHHoro aaBjieHHH, yMHoaceHHoro Ha o6i>eM h aejieHHoro 
Ha KBa^paT cicopoc™ cBda. 3to mhcto pejmTHBHCTCKaa ,ao6aBKa. 

M — — I p + -j) x . (4.6) 



B o6bI4HOH (He pejIHTHBHCTCKOH) CMTyaUHH, KOITia MO)KHO CHHTaTb, 

4to yipoeHHoe aaBjieHHe, cymecTByiomee b BemecTBe, nozjejieHHoe 

Ha KBa^paT CKOpOCTH CBda, 3Ha4 MTeJl bHO MeHbUie, 4eM nJlOTHOCTb 

caMoro BemecTBa, BTopoe cjiaraeMoe 3Ha4HTe;ibHO MeHbiue nepBoro 
h ero BKjiajx b Maccy CTaHOBHTca npeHe6pexnMO MajibiM. 

IlocKOJibKy cwjia o6paTHO nponopuwoHajibHa KBa^paiy pac- 
ctohhhh, modkho 3armcaTb 3aMezyieHHe A, KOTopoe HcnwTbiBaeT 
npo6HbiH KBa3ap Q oTHocwTejibHO Ha6jifoaaTejra: 

3^ecb G — rpaBHTauHOHHaa nocTOHHHaa. 3aMe,zyieHHe onpe^ejifl- 

eTCH BTOpOH npOM3BO^HOH OT paCCTOHHHH nO BpCMCHH. IIoCKOJIbKy 

paccTOHHHe MOK^y KBa3apoM w Ha6jno,aaTejieM paBHO npoH3BezjeHHio 
MaciiuaGHoro cJ)aKTopa a(t), kotophh HBjiaeTCH (J)yHKUweH BpeMe- 
hh, h nocTOHHHOH BejiH4HHbi £, to ypaBHeHwe ^BH^eHHH KBa3apa 

COAepXHT TOJIbKO MaCUITaGHblH (J>aKTOp B Ka4eCTBe HeH3BeCTHOH 

BejIH4HHbI b ypaBHeHHH. 

IlpH o6cy*meHHH 3aKOHOB flBwxeHHH h paciiiHpeHHH Hauie- 
ro MHpa b KOCMOJiorHH Mcnojib3yK)T eme HecKOjibKO napaMeTpoB. 
IlocKOJibKy b aajibHeHiueM ohh 6yayT 4acTo ncnojib30BaTbca, BBe- 
,n;eM onpe^ejieHHa 3thx napaMeTpoB. YpaBHeHHH o6meft TeopHH 
oraocHTejibHocTH o^H03Ha4Ho npeacKa3biBaioT 3aKOH pacmiipeHHH 
BcejieHHoii, ecjiH H3BecTHbi mioTHocTb 3Heprnw pc 2 h aaBJieHHe p 
BemecTBa (b oahopo^hoh h H30TponHOH mo^chm) [5], IljioTHocTb 
3HepraH 4acTo Bbipa>KaioT c noMombio napaMeTpa Q — ^ , a aaBJie- 

HHe — ypaBHeHHeM coctohhhh p(p) . 3^ecb p CT [ t — Tax Ha3biBaeMaa 
KpHTH4ecKa« nJlOTHOCTb BcejieHHOH, BbipaacaeMaH 4epe3 napaMeTp 

Xa66;ia b BH^e p crit = ^ . 
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YpaBHeHHe coctohhmh BemecTBa b KOCMOJiorHM onpeaejiaeT- 
ca nepe3 nocTOHHHyio q, cB«3HBaiomyio ^aBJieHwe h njioTHocTb 
p = qpc?. FIoOTepKHeM, mto Bee ypaBHeHHH coctohhmh BemecTBa, 

H3BeCTHbie B Jia60paT0pH0H (J)M3HKe, 3KBHBajieHTHbI q = 0, nOCKOJlb- 

Ky ziaBJieHHe aaace b cBepxcxaTOM BemecTBe 3Ha4HTejibHO MeHbiue, 
HeM njioTHocTb 3HeprwM noKOH TaKoro BemecTBa 

V ln -]6 

pc l 

PaccMOTpMM BHOBb KBa3ap Q (nycTb ero Macca ecTb m) 
m Ha6jiK),naTejiH O. PaccTOHHwe MOKAy hhmh onpeaejiHeTCH KaK 
x(t) = a(t)£, a CKopocTb KBa3apa othochtcji bHo Ha6jiio,aaTejiH onpe- 
aejiHeTCH 3aKOHOM Xa66jia v = Hx. IlojicTaBHM 3th BbipaxeHHH ajih 
CKopocTM h paccTOHHMH b ypaBHeHne (4.5) c yqeTOM Toro, mto Macca 
onpeAe^aeTCH corjiacHO (4.4). Tor^a nojiyqHM npocTeHbKoe ypaBHe- 
Hne, cBH3biBaiomee napaivieTp Xa66/ia, njioTHocTb h MaciuTa6HbiM 
(J)aKTop. KBaiipaT napaivieTpa Xa66jia Bbipa>KaeTCH qepe3 njioTHocTb 
BcejieHHOH. 3to ecTb nepBoe ypaBHeHne Opu/iMaHa. BTopoe ypaB- 
HeHne nojiyqaeTCH H3 aHajin3a ypaBHeHMH /yia rpaBHTauwoHHbix chji, 
AeMCTByiomnx Me>Kay KBa3apoM m Ha6jiiojiaTejieM. 

MiaK, nepBoe ypaBHeHne OpumviaHa — 3to ypaBHeHne coxpa- 
hchhh noTeHuwajibHOH n KMHeTHHecKOH 3HeprnH KBa3apa. 

PaccMaipw Ban map uejinKOM moxho y6eflHTbca, hto nepBoe 
ypaBHeHne OpnaiviaHa — 3to ypaBHeHne coxpaHeHHH yaejibHon km- 
HeTMqecKoii 3Heprnn caMoro mapa n ero noTeHunajibHon 3Heprnn. 
nocTOHHHaa BejinqnHa b npaBon qacrn (4.5) HMeeT cmwcji noji- 

HOH 3HeprHM. B KOCMOJIOrMM OHa CBH3aHa C KpHBH3HOH (})OHOBOrO 

npodpaHCTBa h o6o3HaMaeTca k. 

AHajiM3 3bojik)uhh BcejieHHon Tpe6yeT, KpoMe 3thx AByx ypaB- 

HeHHH, BblHMCJlMTb TaiOKe 3aBMCMMOCTb njlOTHOCTM OT BpCMCHM. 

3boak>uhh OAHopoAHoro mm pa 

HaHHeM Tenepb paccMaTpMBaTb 3bojik>uhk) BbmejieHHoro mapa; 
TaK mw CMoxeM y3HaTb 3bojik>uhio BcejieHHon. Flpe>Kjie Bcero pac- 
cmotpmm ziBMxeHMe BemecTBa. KaK bh/iho h3 ypaBHeHnn OpnjiMaHa, 

B KOCMOJIOrMM JXBHXeHHe CBOflHTCH TOJlbKO K H3MCHCHMK) njlOTHOCTM 
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BemecTBa co BpeMeHeM. TaK nponcxoflWT noTOMy, hto njioTHOdb 
BemecTBa bo Bcex T04Kax npocTpaHCTBa OflHHaKOBa, h nepeiviemeHHe 
BemecTBa — 3to H3MeHeHne ero njiOTHoc™ b cpe^HeM. Kx>He4HO, 
Ha6jiio^aTejib O MoaceT 3aMeraTb, hto njioTHOdb BOKpyr Hero yMeHb- 
uiaeTca (pa3y\ieeTCH, 3a KocMOJioraHecKne npoMeacynai BpeMeHw). 
Ho ecjiH HaGjiio^aTejib 6yaeT cjie^HTb 3a Bnojme onpe^ejieHHOH 

T04K0H, cKaxeM, KBa3apoM Q, TO OH 3aMeTHT, 4T0 H paCCTOHHHe 

Motcny hhm h Bbi6paHHbiM KBa3apoM MeHHeTca. KBa3ap Q yaajiHeTca 
ot HaOjiio^aTejiH no HHepunn, Macca 4acra BcejieHHOH, KOTopaa 
co^ep^HTCH b uiape c pannycoM ot O ao Q, npnTarnBaeT KBa3ap, 

3aMe,miHH ero flBuxceHHe 4 ). 

3,aecb yMecTHa aHanorHH c paKeTofl, crapTOBaBiiieH c 3eMjiH 
h pa^HanbHo yjieTaiomen b KocMH4ecKoe npocTpaHCTBo. Ecjih cko- 
pocTb, jxo KOTopow pa3oraajiacb paKeTa Ha ynacTKe pa6oTbi flBuraTe- 
jien, MeHbine BTopon KOCMMnecKOH, to paKeTa no^HHMeTCH flo caMoft 
BbicoKoft to4kh (anoreii), pa3BepHeTCH n ynajieT Ha 3eMjiio. riojiHan 
3HeprHH paKeTbi nocjie oKOH4aHna pa6oTbi ^BHraTejieft oTpnuaTejib- 
Ha, b HaineM cjiynae 3to cooTBeTCTByeT 3Ha4eHHK> itoctohhhoh 
k = +l. * 

Illap pa^wyca x(t) b KOCMOJiorwn Be^eT ce6a no#o6HO paKeTe. 
Oh Ha4HHaeT pacuiHpaTbca (nocjie OKOH4aHHH cTa^HH hhcJwihuhh) 
no HHepunn c 6ojibiuon cKopocTbio. BiviecTe c mapoM pacuiHpaeTCH 
n Becb ocTajibHoft Mnp. Ulap ,aocTHraeT MaKCHMajibHoro pa^nyca pac- 
mnpeHHH, t. e. MacuiTa6Hbiii 4>aKTop a(t) npHHHMaeT MaKCHMajibHoe 
3Ha4eHne, a 3aTeM Ha4HHaeT cacHMaTbca. ITpH 3tom 3aBncnMOCTb 
MacuiTa6Horo 4>aKTopa ot BpeMeHM H3o6paaceHa Ha pnc. 4.2. 

BepHeMCH BHOBb k aHajiorHM c paiceTOH. Koma nojiHaa 3Hep- 
rna paKeTbi paBHa Hyjno, OHa yace He yna^eT Ha 3eMJiio. PaKeTa 
yjieTHT c 3eMJin Ha 6ecKOHe4Hoe paccTOHHHe. Ho CKopocTb paKeTbi 
no nyra Bee BpeMH 6yijeT na#aTb. KaK roBOpHT (Jw3hkh, Ha 6ec- 
KOHe4HocTM CKopocTb paKeTbi 6yaeT HyjieBOH. TaKaa )Ke cHTyauna 
h b KocMOJiornn npn k = 0. MacuiTa6HbiH cjDaicrop yBejiH4MBaeTCH 
6ecnpe^ejibHO, ho napaMeTp Xa66jia (CKopocTb pacnmpeHHH) Bee 
BpeMH yMeHbinaeTca, CTpeMHCb k Hyjno Ha 6ecKOHe4Hocra. 

4) Bo3MO)khocth ycKopeHHH Bbi6paHHoro KBa3apa oTHOCHTejibHO Ha6jiio^aTejia, 
o hqm noaBHjiHCb 3KcnepHMeHTajibHbie cBmteiejibCTBa, mw o6cyflHM b rjiaBe 16. 
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MaKCMMyM 

/ 




Pmc. 4.2* Ha pncyHKe M3o6paxeHa 3boaioum9 MaciiiTa6Horo (J>aKTopa kqk (J>yHKi4Hfl Bpc- 
m€hm AAfl 3aMKHyroro Mnpa. B TaKOM MMpe paccTOflHMe MexAy Aio6biMM abyaaa npo6- 

HblMM HaCTMUaMM B MOMCHT * = 0 HaHHHaCT yBCAMHMBaTbCfl, AOCTMraCT AAaKCMMaAbHOrO 

3HaHeHMfl, onpeAeA5ieMoro MaKCMMaAbHbiM 3HaneHneM MaciuTa6Horo c^KTopa, a 3aTeM 
HaHMHaeTca ero yMeHbiueHMe. B momcht bpcmchm J = 0 BceAeHHaa HanMHaeT pacLUM- 

pflTbCfl, KdK TOBOpjlT KOCMOAOrM, M3 CMHr/AflpHOrO COCTOflHMfl, MACT «BOAbQJOM B3pblB»; 
B HeKOTOpbIM MOMCHT BPCM6HM BceAeHHafl npOXOAMT Hepe3 MaKCMMyM paciuMpeHMfl 

m HaHMHaeT BHOBb cxMMaTbca, npoMCxoAMT «BoAbiuoM Kpax» 



a(t) 




«BojIbLUOH B3pbIB» 



«BojlbIUOH B3pbIB» 




a) 



t 



6) 



Pmc. 4.3. Ha pncyHKe M3o6pa)KeHa 3BOAiouMfl MacuiTa6Horo <J>aKTopa kqk c()yHKi4Mfl 

Bp€MeHM AAA: a) nAOCKOrO M 6) OTKpblTOrO MM pa. PaCCTOflHMe MOKAy AByMfl npo6HbiMM 
HaCTHUaMM B MOMCHT t = 0 HaHMHaCT yBCAMHMBaTbCfl, BceAeHHaa HaHMHaeT paCLUMpjlTbCfl 
M3 CMHr/AflpHOrO COCTOflHMS. HaHMHaeTCfl «BOAbUJOM B3pblB», KOTOpbIM npoAOAxaeTca 

bchho. CKopocTb pacwnpeHMsi yMeHbwaeTca, KacaTeAbHaa k kpmbom 3aBMCMMOCTM a(t) 

(CKOpOCTb paCLUMpeHMfl) CTp€MMTC51 a) K HyAlO, 6) K nOCTOflHHOM HCHyACBOM B€AMHMHC 



ITpH nojio>KHTejibHOH nojiHoii 3Heprnn, Koma flBHraiejin pa- 
6oTaiOT ^ocTaTOHHo aojiro, h npHflaiar paxeie CKopocTb, npeBbi- 
uiaiomyio BTopyio KOCMHHecKyio, paiceia yjieiaeT Ha 6ecKOHeHHoe 
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paccTOHHHe ot 3eMjiM, coxpaHHH Ha 6ecKOHe4HOCTH HeHyjieByio 
CKopocTb. TaK ace u Ham map b cjiynae k — — 1. Macmra6Hbift 
4>aKTop padeT HeorpaHH4eHHO, CKopocTb paciunpeHHH crpeMHTCH 

K nOCTOHHHOH HeHyjieBOft BejIHHHHe c poctom BpeMeHH. 

riojiHoro TO^ecTBa sbojiiouhh BcejieHHoft h nojieia paKeTbi, 
KOHe^HO, HeT. CymecTByeT HecKOJibKO npHHUHnHajibHbix pa3JiHHHft. 

OCHOBHOe pa3JIH4He B TOM, 4TO paKda BCe BpeMH JieTHT B njIOCKOM 

(eBKJiHflOBOM) npocTpaHCTBe. B cjiy^ae BcejieHHoft Tpn pa3JM4Hbix 
3HaneHHH k cooTBeTCTByioT TpeM ranaM reoMeTpwH TpexMepHoro 
npodpaHCTBa, b kotopom pa3birpbiBaeTCH 3bojhou,hh. 

3to npHHminHajibHoe otjihhhc o6meft Teopnw oTHocHTejibHo- 

CTH OT HblOTOHOBCKOH TeopMM rpaBHTaiJHH. FIpOCTpaHCTBO- BpeMH 

b o6meii TeopHH oTHocHTejibHoera b o6meM cjiynae hbjihctch HeeB- 
KjiM^OBbiM. O^HaKO cjiynaft k = 0 onwcbiBaeT eBKJiHflOBO npocTpaH- 

CTBO C 6eCKOHeHHbIM Oe^eMOM. XopOIlIMM HarjIH^HblM o6pa30M 3T0r0 

npocTpaHCTBa hbjihctch b ^ByMcpHOM cjiynae (ero aocTaTOHHo npocra 
npe^CTaBMTb ce6e) njiocKocTb. RjiocKocTb, BjioaceHHan b TpexMepHoe 
npocTpaHCTBO, npeacTaBjineT o6pa3 njiocKoro TpexMepHoro ceneHHH 
neTbipexMepHoro npocTpaHCTBa BcejieHHoft c k = 0 (cm. phc. 4.3). 

Cjiynaft k = +1 cooTBeTCTByeT 3aMKHyToft BcejieHHoft. riojiHbift 
o6i>eM TpexMepHoro npocTpaHCTBa KOHeqeH, xoth rpaHwu y TaKoro 
npocTpaHCTBa hct. IIpH6erHeM BHOBb k Haineft aHajioraw, ^ByMep- 
HOMy npocTpaHCTBy, Bjio^KeHHOMy b TpexMepHoe zuih Toro, 4to6w 
npe^CTaBHTb ero HaniHflHbift o6pa3. XopouiHM ^ByMepHbiM aHano- 
tom TaKoro npocTpaHCTBa HBJineTCH c(j)epa, BJioxeHHan b TpexMepHoe 
npocTpaHCTBO. Hjiomaub c$epw onpcaejineTCH ee pa^wycoM 4irR 2 , 
xoth caMa ccj)epa KpaeB He HMeeT. rijioma^b ^ByMepHoft noBepxHocra 
aHajiorHHHa o6i>eMy TpexMepHoro npocTpaHCTBa. TaK ace h 3aMKHyroe 
TpexMepHoe npoerpaHCTBO MMeeT KOHe^Hbift (Tenepb yxe) o6i»eM, 
ho He HMeeT KpaeB (hjih rpaHwu). BepHeMCH k ^ByMepHoft c(J)epe 
b TpexMepHOM npocTpaHCTBe . ripe^nojioacHM, 4to Ha Heft Moiyr 
acHTb aeyMepHbie cymecTBa (cm. phc.4.4). 

3th cymecTBa Moiyr HeorpaHHHeHHO ^BwraTbcn b o^hom, H3- 
6paHHOM HanpaBJieHHH. He noBopanHBan Ha3a#, BpeMH ot BpeMeHH 
ohh 6yayT npoxo^HTb o^hh h Te ace to4kh npocTpaHCTBa. Hmchho 
3to yKa3bmaeT Ha KOHe^Hbift o6i>eM npocTpaHCTBa. C<})epa c pa- 
CTymHM pa^nycoM HBJineTCH xopouiHM aHajioroM paciunpniomerocH 
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mmm 



mmm 




3aMKHyToro npodpaHCTBa. ripn 
3T0M pojib och BpeMeHH nrpaeT 
patfHajibHaa KOop^HHaia. 

IlpeziCTaBHTb ce6e Tpex- 
MepHoe 3aMKHyroe npocrpaH- 

CTBO HeB03M0^CH0. £Jo6aBHM 

TOJibKO, 4to Taicaa TpexMepHaa 
reoMeTpHH Ha3biBaeTca reoMe- 
TpHett PHMaHa. 

OncpbuaH BcejieHHan HMe- 
eT k = - 1 . B TaKOH BcejieHHOH 
peajiH3yeTca TpexMepHaa reo- 
MeTpHH JIoGaneBCKoro. EcrecT- 
BeHHo, hto £ByMepHbiM aHajio- 
tom TaKoft reoMeTpHH hbjihct- 
ch HCKpHBJieHHan noBepxHOdb. 
3ia noBepxHOdb noxoaca Ha 
noBepxHOdb cezuia. 

Moxho MHoro onncbiBaTb 

y^HBHTeJIbHbie CBOHCTBa hc- 
KpHBJieHHOrO MHpa, CZlHaKO 3TO 

yBeaeT Hac b dopoHy ot rjiaBHoro npe^Meia — kocmojiohih. IIosto- 

My Mbl BHOBb 06paTHMCH K o6C)OK^eHHK) (J)H3HHeCKHX XapaKTepHCTHK 

Haiuero MHpa. 

OTHOiueHHe yae^bHOH noTeHUHanbHOH 3HeprHH BbmejieHHoro 
mapa k ero y^ejibHOH KHHeraqecicoH 3HeprHH paBHo napaMeTpy 

njIOTHOCTH fi. F[03TOMy KOCMOJIOrH TOBOpHT, 4TO napaMCTp miOTHO- 

cth onpe^ejiHeT reoMeTpnio Haiuero MHpa. Ecjih fi = 1, to fc = 0, 
reoMeTpHH Haiuero MHpa coBnaaaeT c cbkjih^oboh, TpexMepHoe npo- 
CTpaHCTBO 6ecKOHeHHo. Cjiynatt < 1 cooTBeTCTByeT k = — 1, 
reoMeTpHH Haiuero MHpa cooTBeTCTByeT reoMeTpHH Jlo6aHeBCKoro, 
TpexMepHoe npocTpaHCTBo TO>Ke HBjiaeTCH 6ecKOHe4HbiM. O^HaKO, 
ecjiH > 1, mhp 3aMKHyr h o6jiaflaeT pHMaHOBOH reoMeTpneH, ero 
TpexMepHbiH o6i>eM KOHe^eH. 

Ilo3TOMy o^hoh H3 Ba^KHettiuHx 3a#aq Ha6jno,aaTejibHOH KOC- 
MOJiorHH Bcema 6bijia 3ajana H3MepeHHH rjio6ajibHoro napa- 
MeTpa J7. 



Pmc. 4,4. Ha stom pncyHKC M3o6pa>KeHa 
AByMepHaa at>epa c AByMepHbiM jkhtcacm. 
Aas Hero npflMOM ahhmcm flBASieTCfl ay- 
ra 6oAbiuoro Kpyra. ABuraacb Bee Bpe- 
M$i no npjiMOM, xMTeAb o6orHeT c<t>epy 

M BHOBb H3HHCT npOXOAMTb HCpe3 Te *e 

tohkm npocrpaHcrea, nepe3 KOTOpbie OH 
yxe npoiiieA 
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B Hanajie XX BeKa Bonpoc o tom, 3aMKHyTa Hama BcejieHHaa hjih 
OTKpbua, npHo6peiaji noncTHHe mhcthhcckhh cmhcji. CeroflHH mm 
3HaeM, hto npo6jieMa yerpoftcTBa BcejieHHOH 3HaHHTejibHO cjioatHee; 
BcejieHHaH, CKopee Bcero, hbjihctch CHJibHO HeoflHopoflHoft HacBepx- 
6ojibinHX MacuiTa6ax. 3to MacuiTa6bi 3HaqHTejibHO Gojibiue, hqm 
paccTOHHHfl ,ao caMbix aajieKHx KBa3apoB, moxct 6biTb b 10 1000 pa3. 
IIo3TOMy TepneT cmhcji caMa KJiaccH(J)HKauHH ranoB Ha oTKpbnyio, 
njiocKyio hjih 3aMKHyTyio BcejieHHyio, nocKOJibKy 3Ta KJiaccH(])H- 
KauHH cnpaBejuiHBa TOJibKO jijih ojmopojiHOH BcejieHHOH (Ha^HHaa 

C HeKOTOporO MaCLLITa6a, KOTOpblH 3Ha4HTeJIbH0 MeHbllie paCCTOHHHH 
flO KB33apOB H KOH4aH 6eCKOHCHHO 6ojIblQHMH MacniTa6aMH) . 

HiaK, pacuiHpCHHC BcejieHHOH onncbiBaiOT flBa ypaBHeHHH 
OpTOMaHa. IlepBoe ypaBHeHHe, aHajioraqHoe (4.5), moxho Ha3BaTb 
3aKOHOM coxpaHeHHH yaejibHOH 3HeprHH. B HeM HjieH, onHCbma- 

ioluhh KHHeTHHecKyio 3HeprHK> HacTHUbi ^j- , 3aMeHHeTCH qjieHOM, 
onncbiBaiomHM yaejibHyio (Ha ejmHHiiy Maccbi) KHHeTHHecKyio 3Hep- 

mio ... BMecTo noTeHunajibHoro qjieHa BH^a noHBjineTCH 

yaejibHaa noTeHUHajibHaa 3HeprH» -y-p pacinnpHiomeroca MHpa, 
a TaioKe HjieH, aHajiorHHHbiH hoctohhhoh BejiH^HHe b (4.5). B nep- 

bom ypaBHeHHH OpmiMaHa oh Ha3biBaeTCH BKJia^oM KpHBH3Hbi ^ . 
BTopoe (4.7) onpeaejiaeT cBH3b yaejibHoro npHjiHBHoro 3aMezyie- 
hhh A c njioTHocTbio p h iiaajieHHeM p. 3hslk MHHyc b 3tom ypaBHe- 

3d 

hhh o3HaHaeT, hto jyifl cjiynaa o6biHHoro BemecTBa p + > 0 HMeeT 
MecTO 3aMejyieHHe BcejieHHOH npn pacuiHpeHHH ee no HHepuHH. 

Ecjih, KpoMe 3Toro, 3a#aHa 3aBHCHMOCTb p = p{p), to Bee 
Heo6xojiHMbie 4>yHKHHH 6yayT onpejjejieHbi. 

3a\ieTHM Taoce, hto H3 ypaBHeHHH OpHflMaHa cjieayeT 3aKOH 
H3MeHeHHH njiOTHocTH Ap b pacuinpfliomeMCH MHpe: 



Ap = -3H^p+^jAL (4.8) 

3HaK MHHyc b 3tom ypaBHeHHH cooTBeTCTByeT npocTOMy 4>aKTy. 
IlpH pacuiHpeHHH H > 0 njiOTHOCTb y6biBaeT Ap < 0 (H3MeHeHHe 
njioTHOCTH 3a npoMeacyroK BpeMeHH At hbjihctch OTpnuaTejibHOH 
BejiHHHHon). KoHe^HO, njiOTHOCTb y6biBaeT TOJibKO b tom cjiynae, 
Korna cyMMa iuiothocth h aaBJieHHH, t. e. p+ £ , hbjihctch bcjihhhhoh 
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nojioacHTejibHOH. 3to nocjiczmee ycjioBwe b kocmojiohih Ha3biBaeTCH 
ycjioBHeM cjia6oft 3Hepro,aoMHHaHTHOCTH, h CHHTaeTca, hto oho 
BbinojiHHeTCH Bcioay, flaace b cHHryjinpHoc™ (BnpoqeM, HeKOTopwe 
KocMOJiora nojiaraioT, hto b CHHryjinpHOCTH 3to ycjioBHe MoaceT 
HapymaTbCfl). 

B KOCMOJIOrHH pa3JIHHaiOT TpH OCHOBHblX ypaBHeHHH COCTOHHHH. 

3to nbuienofloGHoe ypaBHeHHe coctohhhh (p = 0), pa^HauHOHHO 

TOMHHMpoBaHHoe ypaBHeHHe coctohhhh (p = h ypaBHeHHe CO- 
CTOHHHH 4>ajibuiHBoro BaKyyMa (p = -pc 2 ). 3aecb cjieayeT OTMeTHTb, 
4to Bee ypaBHeHHH coctohhhh, H3BecTHbie H3 o6bi4HOH jia6opaTop- 

HOH (J)H3HKH, B KOCMOJIOrHHeCKHX TepMHHaX HBJIHFOTCH ypaBHeHHHMH 
COCTOHHHH nblJIH (p = 0). HeCMOTpH Ha TO, 4TO nO 06bI4HbIM Mep- 

KaM b jia6opaTopHbix ycjiOBHHx MoaceT pa3BHBaTbcn oneHb 6ojibiuoe 
aaajieHHe, b pcjihthbhctckom cMbicjie 3to aaBJieHHe npeHe6pe^KHMo 
Majio. flettcTBHTejibHO, b ypaBHeHHH Opn^MaHa aaBJieHHe p bxo- 
jxht K3K cjiaraeMoe Hapaay c njioTHocTbio 3HepraH pc 2 , apyrHMH 
cjioBaMH, npn oueHKe BKJiaaa aaBjieHHH b 3Ty cyMMy Heo6xojjHMo 
paccMaTpHBaTb BejiHHHHy . OueHHM 3to OTHomeHHe, HanpHMep, 

flJIH 06MHHOH BOflbl. IlJIOTHOCTb BOflbl ~ 1 r-CM~" 3 , a aaBJieHHe 

Ha rjiy6HHe 1 m cocTaBJineT 1 aTM hjih 10 6 ahh • cm" 2 . ILioTHOCTb 
3HepraH Bo^bi (pc 2 ) cocTaB^neT 9- 10 20 ahh • cm"" 2 . OTHouieHwe 
3thx ziByx HHceji cocTaBJineT 10~ 14 , t. e. hhhtoxho Manyio #o6aBKy 
k eflHHHue. Hmchho no3TOMy, ecjiH 6bi BcejieHHan 6wjia 3anojiHeHa 
o6whhoh bo^oh, moxho 6biJio 6bi CMejio nojiaraTb, hto ypaBHeHHe 

COCTOHHHH BO BcejieHHOH HMeeT BWft p = 0. 

PemeHHH KOCMOjioranecKHX ypaBHeHHH o6whho HanHHaioT c 
peuieHHH ypaBHeHHH coxpaHeHHH 3HeprHH ajih Toro, mo6u onpe- 

WJIHTb B3aHMOCBH3b MOK^y nJIOTHOCTbK) h Maciirra6HbiM 4>aKTopoM. 

B kocmojiotoh njioTHOCTb BemecTBa npn pacuiHpeHHH yMeHbiiiaeTcn 
o6paTHO nponopuHOHajibHO MacuiTa6HOMy 4>aKTopy b HeKOTopofl 
cTeneHH: 



PemeHHH 3Toro ypaBHeHHH hmciot npocToii $H3H4ecKHH cmhcji. 
B cjiynae, Koraa aaBJieHHe paBHo Hyjuo, cpeaa coctoht H3 HeB3aHMo- 




(4.9) 
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aeftcTByiomMx Hacrau nbuiw. FljioTHOCTb TaKoft cpe^bi npw paciiiwpe- 
hhh MeHHeTCH nponopuHOHajibHo H3MeHeHHio o6T>eMa hjih o6paTHO 
nponopmiOHajibHO Ky6y MaciiiTaGHoro 4>aKTopa ~ a . ^eHCTBM- 
TejibHO, HHCJio nacTHu coxpaHneTca , a BcejieHHaa paciuHpneTCH, 
3Ha4HT ee njioTHOdb yMeHbinaeTca nponopuwoHajibHO yBejiHneHHio 

flaBjieHHe b nepBHHHOH mia3Me oqeHb BejiHKO p — ^j- (pa- 
ZiHauHOHHO-flOMMHMpoBaHHoe ypaBHeHMe COCTOHHHfl). Hm HejIb3H 
npeHe6peraTb npn pemeHHM ypaBHeHMH Opn^MaHa; cpe#a coctomt 
H3 pejiaTHBHCTCKHx HacTHu, noao6Hbix no CBoeMy noBeaeHMK) $oto- 
HaM. ripn pacuinpeHMM BcejieHHOH mchrctch He TOJibKO njioraocTb 
nacTHa (o6paTHo nponopunoHajibHO Ky6y Maciirra6Horo <J)aKTopa 
~ a -3 ), ho m MeHaeTca 3HeprHH Ka^oft HacTwubi (~ a -1 ), 4TO 
npHBo^m k H3MeHeHHK) njiOTHOc™ 3HeprwH o6paTHo nponopuHo- 
HajibHo ^eTBepToft CTeneHH MacuiTa6Horo (J)aKTopa, pc ~ a~ . 

CaejiaeM BaacHoe 3aMeqaHHe, KOTopoe BbirjiH^HT oqeBH^HbiM, 
ho noHa^o6HTCH HaM b ziajibHeHiiieM, Kor^a 6yaeM paccMaTpHBaTb 
pa3JiH4Hbie Mo^ejiH paHHeft BcejieHHOH. B oahopo^hom h H30Tpon- 
hom Mwpe njioTHOCTb HBjiaeTCH 4>yHKijHeH TOJibKO o#hoh nepe- 
MeHHoft — BpeMeHH. YpaBHeHMe jurn njioraocTH moxho o6paTHTb 

H Bbipa3HTb BpeMH KaK (jtyHKUHIO CpeflHeft njIOTHOCTH BcejieHHOH. 

TaK mo^cho BBec™ onpe^ejieHHe BpeMeHH bo BcejieHHOH. 

Otmcthm eme o^ho BaxHoe ypaBHeHMe coctohhmh, KOTopoe no- 
Hajio6HTC5i b aajibHeftiueM. 3to TaK Ha3biBaeMoe BaKyyMonoflo6Hoe 
ypaBHeHMe coctohhmh hjih hh^jihumohhoc ypaBHeHMe coctohhmh: 
p — -pc 2 . OTpwuaTejibHoe .aaBjieHne HMeeT npocToft 4>H3HHecKHH 
cmwcji. 3to chjiw HaTaxeHHa. Ecjih o6bi4Hoe nojioacHTejibHoe ^aBJie- 
Hwe npenHTCTByeT oKaraio BemecTBa, to oTpnuaTejibHoe aaBJieHHe 
npenaTCTByeT pacTaxeHHio BemecTBa. TeM He MeHee, b jia6opaTop- 
hmx ycjioBHax TaKoe ypaBHeHMe coctohhhh He BCTpe qaeTCH . Bo- 
nepBbix, noTOMy hto npn TaKOM ypaBHeHMH pa3BMBaeTca oqeHb 
6ojibiuoe (pejiHTHBMCTCKoe) oTpMuaTe^bHoe aaBjieHMe, a bo-btopwx, 
noTOMy 4to 3to aaBjieHHe nacKajieBo, t. e. aeiiCTByeT He3aBHCHM0 
ot HanpaBJieHHH. HaT5DKeHH5i b o6m4hom TBep^OM Tejie (HanpHMep, 

HaTHXeHHH, B03HHKaK)mHe B pe3HHe) HBJIHIOTCH HenacKajieBbiMH, 
OHH B03HHKaK)T TOJibKO B OtfHOM HanpaBJieHHH. 
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B HaineM cjiynae oTpnuaTejibHoro ^aBjieHHH njiOTHOCTb cpe^bi 
He 3aBHCHT ot BpeMeHH m MacuiTa6Horo 4>aKTopa. Jim Toro, hto6bi 
y6e#HTbCH b 3tom, no,acTaBMM 3aBMCHMOCTb p = -pc 2 b ypaBHeHHe, 
noKa3biBaiomee KaK MeHaeTca njiOTHOCTb BemecTBa npn pacuiHpeHHH 

(4.9), H nOJiyHMM, HTO H3MCHeHHe nJIOTHOCTH A/9 = 0 He3aBHCHMO 
OT H H At\ IlpH paCUIHpeHHH IUIOTHOCTb 3TOH Cpe^bl He MeHHeTCH. 

B o6bi4Hoft (J)H3HKe TOJibKO y BaKyyMa njioraocTb He MeHneTca 
npn paciuwpeHHH, no3TOMy Taicoe cocTOHHHe HHoraa Ha3biBaioT 
cocTOHHHeM (|)ajibiuHBoro (hjih jioaoioro) BaKyyMa. 

3aMeTHM, 4T0 B COCTOHHHH JIO^CHOrO BaKyyMa njiOTHOCTb He 3a- 

bhcht ot BpeMeHH. TepneTca B03M0^cH0CTb onpe^ejiHTb HanpaB^eHwe 
TeqeHHH BpeMeHH KaK nocjie^OBaTejibHOCTb cnoeB yMeHbrnaiomeftca 
roiOTHOCTH. 3to He cjiynaftHo. B MHpe c nocTOHHHbiM OTpnuaTejib- 
hmm ^aBJieHHeM (hjih b MHpe c A-HjieHOM) BpeMeHHoe h npocTpaH- 
CTBeHHbie HanpaBjie hhh paBHonpaBHbi. 

Onpe^ejiHB 3aBHCHM0CTb iijiothocth ot MacuiTaOHoro (J)aKTopa, 
no^cTaBjiaeM ee b ypaBHeHHJi Opn^MaHa h nojiynaeM 3aBHCHMOCTb 
caMoro MaciHTa6Horo (J)aKTopa ot BpeMeHH, t. e. 3aKOH pacinnpe- 

HHH HaUieH BceJieHHOH. ECTeCTBeHHO, 4T0 3T0T 3aKOH 3aBHCHT KaK 

ot ypaBHeHHH coctohhhh, TaK h ot TonojiorHH BceJieHHOH, t. e. 
ot BejiHHHHbi k. ^jih cjiynaa BceJieHHOH, AOMHHHpoBaHHOH nbuibio 
(npn k = 0, t. e. jyiH cjiynafl npocrpaHCTBeHHO-njiocKOH, coBpeMeH- 
hoh BceJieHHOH), 3aBHCHMocTb MacuiTa6Horo $aKTopa ot BpeMeHH 
HMeeT bkj\: 

a(t) = a^t 2 ^ . 

KaK bhaho H3 3Toro BbipaaceHHH MaCIUTa6HbIH (J)aKTop yBeJIHHHBa- 

eTCH co BpeMeHeM jxo 6ecKOHe4Hoera. 

HanaAO paciuMpeHHJi — ckmryAflpHOCTb 

Ceftnac MaciirraGHbiii 4>aKTop bcjihk, ho b momcht t = 0, KaK 
HanncaHo Bbime, oh 6mji paBeH Hyjuo. Ha pnc. 4.2, 4.3 bh^ho, 
wto MOMeHT t = 0 cooTBeTCTByeT HyjieBOMy MacuiTaGHOMy (J)aK- 
Topy. MoMeHT BpeMeHH, Kor#a MacuiTa6HbiH 4>aKTop 6mji paBeH 
Hyjno, Ha3biBaeTCH cHHiyjiapHocTbio. B 3tot momcht BpeMeHH njiOT- 
HOCTb BceJieHHOH, TOBjieHHe b Hen, a TaioKe TeMnepaTypa BemecTBa 
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CTaHOBHTCH 6eCKOHCHHO 60JIblIIHMH. 3tO 0C06afl T04Ka. Il03T0My 

OHa h Ha3biBaeTca CHHiyjrapHocTbio. 

B Hanajie Hamero BeKa Ka3ajiocb, mo CHHiyjrapHocTb npncyma 
TOJibKo pemeHMK) Op*mMaHa. AHajioraa c pacuinpeHHeM mapa b Teo- 

PMH HbK)TOHa TOJIbKO yKpeiUIHJia 3Ty TOHKy 3peHM5I. ^eHCTBMTeJIbHO, 

ecjiH paccMaTpHBaTb caca™e HeB3aHMO^eHCTByiomMx (npo6Hbix) na- 
cthu, o6jiaaaK>mHx, TeM He MeHee, Maccoft, KOTopwe naaaioT b Tonicy, 
to ohh aocTHraioT uempa, iuioTHOCTb TaKwx nacTHix b ueHTpe da- 
hobhtch 6ecKOHe4Hoft, a 3aTeM Bee Haeraijbi HaHHHaioT pa3JieTaTbca 
H3 ueHTpa. 3to Moaejib cHHryjiapHOCTH. Ho ecjiH TaKHM Hacrauaivi, 
b Hanajie cacaTHH, npnaaTb He6ojibiuHe Hepa^HajibHbie ckopocth, 
qacraijbi npojieTHT mmmo ijeHTpa, njioTHOdb TaKoft cpe^w 6y.neT 

KOHeHHa, CHHryjIHpHOCTb Hcne3aeT. 

OflHaKo b cepe^HHe Hamero BeKa 3HaMeHHTbiMH aHrjiHHCKM- 

MH KOCMOJIOraMH (rieHpoy30M H XOKHHrOM) 6bIJIO ^OKa3aHO, 4TO 
CHHiyjIHpHOCTb — 3TO eCTeCTBCHHOe CBOHCTBO BCeX KOCMOJIOIUHe- 

ckhx pemeHMM. 3tot HeTpMBHajibHbiM 4>aicr no6y^HJi KOCMOJioroB 

HCCJieflOBaTb CHHiyjIHpHOCTb. 

BecKOHe^HO 6ojibmaH 3HeprHH peajibHbix qacrau (hjih TeMne- 
paTypa kocmhhcckoh njia3Mbi), KOTopan aojDKHa aocTHraTbca b chh- 
ryjinpHocTH, BOo6me roBopa, npoTHBope^HT KBaHTOBOH MexaHHKe. 
Ilo3TOMy KOCMOJiorn nHTaioT Ha^exaw, hto 6yaymaa Teopna rpa- 
BHTaUHH — KBaHTOBaH rpaBHTauHH hjih crpyHHan rpaBHTauHH — 
peuiHT npo6jieMy cHHryjiapHOc™, njiOTHOCTb He 6yaeT npeBbimaTb 

njiaHKOBCKoro 3HaneHHfl p p{ = « 10 94 r/cM 3 . 

pi 

O coBpeMeHHbix B3rjismax Ha npHpoay cHHiyjiapHocTH mm pac- 
cicaaceM b cjicayiomeft rjiaBe «PoxneHHe BcejieHHOH». 

TOPM30HT B paCUJHpflK>meHCfl BCCACHHOM 

BBewM eme o^ho npe3Bbi4aHHo BaacHoe noHHrae. 3to noHHTHe 
ropH30HTa 4acTHu b KOCMOJiorHH. Pa3Mep ropH30HTa nacTHu onpe- 
^ejineT pa3Mep o6jiacreH npH4HHHOH cbh3hocth b pacuinpaiomeHCH 
BcejieHHOH. KaK mw yace bmhchhjih, BcejieHHaa cymecTByeT kohch- 
Hoe BpeMH. Oho cocraBjmeT npHMepHO 20 Mjipa jieT. Cbct 3a BpeMfl, 
npome^uiee co BpeMeHH «Bojibiuoro B3pwBa», MoaceT npoftTH TOJibKo 
20 MJipa CBeTOBbix JieT, ecjiH oh 6yaeT pacnpocrpaHHTbCH b iijiockom 
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npodpaHCTBe-BpeMeHH, b ciauHOHapHOM MHpe. HHicaicoe B3aHMO- 
^eHCTBwe He pacnpocTpaHaeTca Gbicrpee, hqm cbct. 3to 3HaHHT, hto 
^Be TO4KH, pa3,aejieHHbie paccTOHHHeM 6ojibiue, cicaaceM, 100 Mjipa 
cBeTOBbix jieT, HHKor^a He B3aHMOfleftcTBOBajiH. Ohh He coctohjih, 

KaK rOBOpflT (j)H3HKH, B npHHHHHOH CBH3H. BoJiee TOTO, OflHa TOHKa, 

rpy6o roBopa, «He 3HaeT» o cymecTBOBaHHH flpyroft! 

Pmc, 4.5, 3Aecb noKa3aHa ct— x-AMarpaMMa. 
Ha hzv\ (j)M3MKM M3o6pa>KaioT eAMHoe neTbipex- 
MepHoe npocTpaHCTBO-epeAAfl v\ pa3AMHHbie co- 

6blTM5I B 3TOM H6Tbip€XM6pHOM npOCTpaHCTBC 
riOCKOAbKy OAHOM M3 OCeM 5lBA516TCfl BDeMS, 

to Ha TaKOM AHarpaMMe noKa3biBaeTCfl He TOAbKO 

- nOAOKCHMC o6"b€KTOB, HO M MX ABMXeHMe HAM 

; BpeMeHHaa bboaiouma 

B cneuwajibHOH TeopHH oTHocHTejibHoera aaace npnayMaHbi 
cooTBeTCTByiomHe flHarpaMMM, KOTopwe mm ceftqac o6cyzjHM. Ha 
pwc. 4.5 noKa3aHa Taicafl flnarpaMMa. Ilo BepTHKajibHoii och koopah- 
HaT OTjioxeHO BpeMa, yMHoxeHHoe Ha CKopocTb cBeia, a no ropw- 
30HTajibHoft och o^Ha H3 npocTpaHCTBeHHbix KOopaHHar. BpeMeHHafl 
Koop^HHaTa yMHo>KeHa Ha CKopocTb CBeia He cjiynaHHo; Bo-nepBbix, 

06e KOOp^HHaTbl HMeiOT OflHHaKOByK) pa3MepHOCTb, BO-BTOpHX, CKO- 

pocTb pacnpocTpaHeHHa CBeia b Koop^HHaTax c TaKOH pa3MepHO- 
dbio paBHa e^HHHue. Cbct Ha TaKoft anarpaMMe pacnpodpaHaeTCH 
no npHMbiM, nojx yrjioM 45°. CneuwajiHCTbi no TeopHH othoch- 
TejibHoc™ Ha3biBaioT jihhhh Ha TaKOH AHarpaMMe MHpoBOH Tpa- 
eKTopneH nacTHijbi. MnpoBaa TpaeicropHH Ha6jno,aaTejra, kotophh 

nOKOHTCH OTHOCHTejIbHO Bbl6paHHOH CHCTeMbI OTCHeTa, npeacTaBjiH- 

eT co6oh npHMyio jihhhio, napajuiejibHyio och BpeMeHH (jjjisl TaKoro 
HaGjno^aTejiH BpeMH MeHaeTca paBHOMepHo, a npocTpaHCTBeHHaa 
KOop^HHaTa ocTaeTCH HeH3MeHHOH). Ha AHarpaMMe noKa3aHbi jxsa 

npOCTpaHCTBeHHO-BpeMeHHblX coGmthh: B H C, KOTOpbie hbjihiotch 
npHHHHHO He CBfl3aHHbIMH. 

CBeT yCTaHaBJIHBaeT npHHHHHyiO CBH3HOCTb. ECJIH ^Be TO4KH 

b npocTpaHCTBe-BpeMeHH (B h C) He Moryr 6biTb coe^HHeHbi JiynoM 
CBeTa 3a npoMeacyroic BpeMeHH T, to co6birae, npoH30Hie,miiee b o,a- 
hoh H3 flByx TO4eK b TeneHHe 3Toro npoMexyTKa BpeMeHH, ocraHeTCH 
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HeH3BecTHo b apyroii m HMKaK He noBjiMHCT Ha cocTOHHMe BemecTBa 
hjih Ha6jno^aTejia, Haxo^flmeroca b 3toh tohkc TaK, Ha flHarpaMMe 

BHflHO, 4T0 C06bITHfl B H C HBJIHIOTCH npHHHHHO He CBH3aHHbIMH, 

b to ace BpeMH, ecjiH npoft^eT eme HeKOTopoe BpeMH, to CHraaji 

O C06bITHH B flOHfleT flO TOHKH, B KOTOpOH npOH30UIJIO COGblTHe C, 

h Ha6jno,ziaTejib, Haxo^amHHCfl b 3toh TOHKe, y3HaeT o co6mthh B. 

IloHCHHM Ha npHMepe. CicaaceM, hto b Tonice B npoH3omeji 
B3pwB aaepHOH 6oM6bi. Cpa3y nocjie B3pwBa ot 6om6w nouuio CBe- 
TOBoe H3JiyHeHwe, y^apHaa BOJiHa h TenjioBaa Bojma. Y^apHan BOjiHa 
ABHraeTCfl 3Ha4HTejibHO MefljieHHee CBeTOBoro H3JiyHeHH5i. IIo3TOMy 
HaGjiio^aTejib CHanajia nojiynaeT HH(J)opMau;Hio o tom, hto B3pbiB 
6biji, b BH^e cBeTOBoft BcnwuiKH, oh npnraGaeT rojiOBy, h mh- 
mo Hero c rpoxoTOM cjie^yeT yaapHaa BOJiHa. B aaHHOM cjiynae 

(J)H3H4eCKHe yCJIOBHH, COOTBeTCTByiOlUHe B3pbIBy, yCTaHaBJIHBaiOTCH 
yTOpHOH H TenjIOBOH BOJIHOH. IlpHHHHa — B3pbIB, CJie^CTBHe — 

ycTaHOBJieHHe ycjioBHH, cooTBeTCTByromnx B3pbiBy. CjieacTBHH yCTa- 
HaBJIHBaiOTCH CO CKOpOCTbK) yflapHOH H TenjIOBOH BOJIHbl. OflHaKO, 

HH(J)opMauHH o npoHcmeameM B3pbiBe ycraHaBJiHBaeTCH c noMombio 
CBeTOBbix cwrHanoB. Hhhto b npnpofle He ^BHraeTCH 6bicTpee CKopo- 
cth cBeTa. rio3TOMy b KanecTBe npe^ejibHoro pawyca ycraHOBjieHHH 
npH4HHHOH cbh3h b (J)H3HKe paccMaTpHBaeTca paanyc, o6pa3yeMbiH 
ABHraK>mHMHC5i jiynaMH CBeTa. 

B HecTauHOHapHoft BcejieHHOH TaKOH paanyc HMeeT hmh co6- 
CTBeHHoe — ropw30HT HacTHu. To4Hbie pa3Mepw ropw30HTa Hacrau 
b pacuiHpniomeHCfl BcejieHHOH nojiynaioTCH, ecjiH ynecTb ee paciiiH- 
peHHe. EcTecTBeHHo, TOHHaa 4>opMyjia ajia ropH30HTa nacrau 6yaeT 
3aBwceTb ot TeMna pacuiHpeHHH. CnHTaeTca, mo TeMn paciiinpe- 
HHfl b coBpeMeHHoft HaM BcejieHHOH TaKOH, hto pa3Mep T0pH30HTa 
HacTHU onpewJiHeTCH icaic 1 — 2- H~ l . 

3aneM CTOJib no,apo6HO o6cy>KflaTb CTOJib OHeBHflHyio Bemb? 
Pa3Mep ropw30HTa Hacrau HMeeT BaacHbift cmhcji. Ilpeacfle Bcero, 
o6paTHM BHHMaHHe Ha to, hto pa3Mep ropH30HTa npHMo nponop- 
UHOHajieH BpeMeHH, npouie^uieMy c MOMenra «Eojibiiioro B3pbiBa». 
Pa3Mep ropH30HTa pacTeT co BpeMeHeM. JXbq tohkh, pa3^ejieH- 
Hbie paccTOH h He m 6ojibiue hqm I, HHKor^a He B3aHMO#eHCTBOBajiH 
b npouiJiOM. BcnoMHHM 06 3noxax bo BcejieHHOH. Flocjie 3noxn 
peKOM6HHauHH njia3Ma CTajia npo3paHHOH h pejiHKTOBbie (Jdotohm 
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pacnpocTpaHHiOTCH bo Bee ctopohm npaKTHHecKM cboGo^ho. Pa3Mep 
ropn30HTa qacraij Ha BpeMa, KOTopoe cooTBeTCTByeT peKOM6HHa- 
Uhh, codaBJiaeT ~ 900 000 cbctobmx jieT. Ilo3TOMy ceftnac pa3Mep, 

COOTBeTCTByiOIUHH ropH30HTy qaCTMU Ha CTa^HH peKOM6MHaUMM, 

HMeeT yrjioBoft pa3Mep ~ 2° . Ho #0 cra^HH peKOM6nHauwH pa3jinq- 
Hbie ynacTKH BcejieHHoft, pa3#ejieHHbie paccroHHHeM Sojibiue qeM 
900 000 CBeTOBbix JieT, He B3aHMo#eHCTBOBajiH. 3to 03Ha4aeT, hto 
rbb, ynacTKa He6a, Kax^biH pa3MepoM jibb, ynioBbix rpaziyca h pa3- 
aejieHHbie yrjiOBbiM paccTOHHHeM 10°, no anoxw peKOM6HHauHH 
HHKoraa He B3aHMoaeftcTBOBajiH. B qacTHOcra, 3TO 03Ha4aeT, hto 
b TaKHX ynacTKax BcejieHHOH Morjia 6biTb OHeHb pa3Haa TeMnepaTy- 
pa. JXo peKOM6HHauHn OHa He Morjia ycneTb BbipoBHHTbca. Ilo3TOMy 
6bijio 6bi ecTecTBeHHO oacn#aTb b o#hom m3 TaKHX ynacTKOB He6a 
TeMnepaTypy pejiHKTOBoro H3JiyMeHHH, CKa^ceM, 3 K, a b flpyroM — 
10 K. OziHaKO H3 Ha6jno^eHHft aHH30TponnH pejiHKTOBoro H3Jiyne- 
hhh mw 3HaeM, hto TeMnepaTypa H30TponHa c TOHHOCTbio #o 10~ 5 . 

3TOT 3ara^04HbIH JU19L (frpHfllViaHOBCKOH KOCMOJIOrHH (J)aKT 6bIJI Ha- 

3BaH npo6jieMofl ropn30HTa. Oh 6biji o6i>acHeH TOJibKO b Teopnn 

HHCjUIHUHOHHOH BcejieHHOH. 

k(3MeHeHMe fi b paajjupjiioLueMCfl Bccachhom 

Hain mhp npaKTM4ecKH njiocKHH. 3aMeTHTb ouiHHue reoMeTpHH 
Haiuero MHpa ot eBKJM^OBOH Tpy^HO, zym 3Toro Heo6xo^HMbi cne- 
UHajibHo nocTaBJieHHbie, fljiHTejibHbie Ha6jno#eHHH. Ohh erajiw B03- 
moxhw TOJibKO bo BTopoft nojiOBHHe Haiuero Beica, Kor,aa acTpoHOMbi 
TOCTHrjiH Heo6xo^HMoro ypoBHa Ha6juofleHHH. flaace Ha rajiaKTHqe- 
ckhx hjih BHerajiaKTHHecKHx MacuiTaGax HeeBKJiH^oBOdb Haiuero 

MHpa BblHBJiaeTCH C Tpy^OM. B KOCMOJIOrHH 3TOT (J)aKT Ha3bIBaeTCH 

npo6jieMOH njiocKocraocTH. Bo Been nac™ BcejieHHOH, aocrynHOH 
Ha6jiK)^eHHio (t. e. BHyrpu ropH30HTa nacTHu), OTJiHHHe reoMeTpnu 

OT eBKJIHflOBOH He3aMeTHO. Mbl MO^CeM TaiOKe C(J)OpMyjIHpOBaTb 3TOT 

4>aKT ^pyraM cnoco6oM, a hmchho, OTHomeHMe cpezmeii ruioTHoc™ 
BemecTBa k KpHraqecKOH itjiothocth 6jih3ko k e^HHHue. 3to otho- 
ineHwe o6o3HaqaeTCH rpeqecKOH 6yKBoft f2, t. e. mo>kho CHHTaTb, hto 
~ 1 . Cpe^HHH njiOTHOCTb BemecTBa MeHaeTCfl bo Bpeivia sbojiiouhh 
BcejieHHOH, napaMeTp Xa66jia, kotopwh onpe^ejiaeT KpHraqecKyio 
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njioTHOCTb BemecTBa, Toace MeHaeTca, no3TOMy napaivieTp «BjraeT- 
ca nepeMeHHbiM. Ecjih coBpeMeHHoe HaM 3Ha4eHHe 3Toro napaMeTpa 
o6o3Ha4HTb KaK f2 0 9 to b npoiiuiyio 3noxy, KOTopaa xapaicrepH3yeTCH 
KpacHbiM CMemeHHeM z 9 BejnmHHa napaMeTpa Q 6bijia: 

1 - Q 1 - n p 1 
— . . — u 

n n 0 (\ + z) n 

EdecTBeHHO, noKa3aiejib creneHH n 3aBMCHT ot ckopocth pacuiH- 
peHHH BcejieHHofl. Tax, pa#HauHOHHo-flOMHHHpoBaHHOH Bce- 
jieHHoft n = 2 h jum BcejieHHOH, flOMHHHpoBaHHOH m>uibio, n = 1. 

Tenepb npeanojioacHM, hto coBpeMeHHoe 3HaneHHe napaMe- 
Tpa f2o «no4TH» paBHO eflHHHue, cKaaceM 0,5, h bhhhcjihm 3Ha4eHne 
Q(z) fljiH HecKOJibKHX 3nox 5) . TaK, b 3noxy peKOM6HHaijHH, KOTopaa 
cooTBeTCTByeT KpacHOMy cMemeHHK) z ~ l 000, oTJinnne Q ot e^n- 
HHUbi cocTaBJifljio Bcero 0,001. Bo BpeMH 3noxn HyKJieocHHTe3a, npn 
eme Gojimuhx 3Ha4eHHax KpacHoro cMemeHHH, oTjinnne ft ot e^H- 
HHUbi cocTaajiHJio 0,00000000000000001. Ecjih ace mm nocHHTaeM 
3Ha4eHne 3Toro napaMeTpa b 3noxy cymecTBOBaHHH cboGo^hwx W ± 

H Z 6030HOB, TO flJIH OnHCaHHH OTJIH4HH ft OT eflHHHIJbl HaM npH- 

iiuiocb 6bi nncaTb 26 HyjieH nocjie tohkh, oraejiaiomeH flpo6Hyio 
qacTb HHCJia. 

TaKa« 6jiH3ocTb ft k e^HHHue b paHHett BcejieHHOH He cjiy- 
qaftHa. KocMOjiorn roBopar o tohkoh HacTpottKe 3Toro napaMeTpa 
(no aHajioraH c tohhoh HacrpoHKoft npneMHHKa Ha BOjmy pa^no- 

CTaHUHH). IlpHHHHa TaKOH TOHKOH HaCTpOHKH napaMeTpa HJIOTHOCTH 

6bijia BbiacHeHa TOjibKo b paMKax hh^mhuhohhoh BcejieHHOH. 

A-HA6H B HailJeM BCCACHHOM 

B KOHU,e rjiaBbi Heo6xo#HMO paccKa3aTb o tom, KaK h3mchhtch 

3BOJIK)UHfl BcejieHHOH, no CpaBHeHHK) C 3BOJIK)UHeH, onncaHHOH 

Bbiiue, ecjiH b Hauieft BcejieHHOH A-hjich He paBeH Hyjno h hbjihctch 

nOJIO)KHTeJIbHbIM. 



' Ecjih 3Ha4eHHe napaMeTpa fi tohho paBHO eflHHHue, to bo BpeMfl 3bojhouhh 
BcejieHHOH oho He 6yaeT MeHHTbca. Taicafl MOjjejib BcejieHHOH Ha3biBaeTCH fijiockoh 
h ee reoMeTpHH cooTBeTCTByeT eBKjinnoBy npocTpaHCTBy. 
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A-4jieH 6hji BBe,aeH b ypaBHeHHa rpaBHTaijHOHHoro nana caMHM 
co3^aTejieM TeopHH OTHOCHTejibHoc™. B 1916 r. A. SftHiirreHH Ha- 
nHca/i ypaBHeHHH o6meft TeopwH OTHOCHTejibHoc™ h BCKope Hawaii 
aHajiH3 KOCMOJioraqecKwx peiueHHH b paMKax hoboh Teopnn. Oh hc- 
Kaji CTaTMHecKHe peuieHHa. fljia nojiyneHHH CTaTHnecicoro peuieHHa 
(BcejieHHaH, KaK Toraa ayiviajiH, 6buia cTaraHecKoft) Heo6xo,n,HMO 
6buio BBecTH b ypaBHeHHH yHHBepcajibHyio cnjiy orrajiKHBaHHa, ko- 
Topaa ypaBHOBeuiHBajia 6bi chjiw rpaBHTaunoHHoro npHTaaceHHH. 
TaK b ypaBHeHHHx o6meii TeopHH OTHOCHTejibHoc™ noHBHjiacb ho- 
Baa (J)yH4aMeHTajibHaa KOHCTama, KOTopyio 3iiHiirreHH o6o3Ha4HJi 

6yKBOH A H Ha3BaJI KOCMOJIOrHHeCKOH nOCTOHHHOH. riOJIO^KHTeJIb- 
HblH A-miQH COOTBeTCTByeT yHHBepcajIbHbIM CHJiaM OTTaJIKHBaHHH 

(oTpHuaTejibHbiH — AonojiHHTejibHbiM yHHBepcajibHbiM CHJiaM npn- 
ra^KeHHa). 

Floflpo6HbiH aHajiH3 noKa3aji, hto Taicaa KOCMOJioraqecKaa mo- 
flejib xora h o6jia^aeT cTaTH^ecKHMH cBOHCTBaMH, ho HBJiaeTca 
HeycTOHHHBoft. Manoe H3MeHeHHe mioTHOCTH npHBo^HT k Hanajiy 
Heo6paTHMOH 3BOJHOUHH — BcejieHHaa jih6o HaHHHaeT pacmnpaTb- 
ca, jih6o c^cHMaTbca. Co3^aHHaa HecKOJibKO no3^ce HeciaijHOHapHaa 
Mo^ejib OpHflMaHa h oTKpbirae pacmnpeHHa Haiueft BcejieHHoft no- 
CTaBHJiH Tomcy b HCCJieflOBaHHax CTaTHHecKOH KapTHHbi MHpa. ripo 
KOCMOJiorH^ecKyFo nodoaHHyio 3a6buiH. 

BHOBb npo A-qjieH BcnoMHHJiH b KOHue 60-x ro#OB jyia to- 
ro, 4To6bi o6i>acHHTb aHOMajiHH b pacnpcaejieHHH racTorpaMMbi 
«KpacHoe civiemeHHe — BH^HMaa 3Be3#Haa BejiH4HHa» mm KBa3a- 
poB. 3HaMeHHTbie coBeTCKHe acTpoHOMbi IHkjiobckhh h Kap^auieB, 
a TaioKe aMepHKaHCKHe acTpoHOMbi CojinHTep h rieTpocaH bbc- 
jih b KocMOjiorHHecKoe peiueHHe A-4jieH TaK, mo6bi pacmnpeHHe 
HMejio .ojiHTejibHyio 3aaepxKy npn onpe^ejieHHOM 3Ha<ieHHH Mac- 
uiTa6Horo (jDaicropa. KBa3apoB, o^HaKO, 6biJio h3B6ctho He cjihuikom 
MHoro, ^aHHbie cohjih Hey6eflHTejibHbiMH. ripo KOCMOjioraHecKyio 
nocToaHHyio 3a6biJiH onaTb... 

BcnoMHHJiH y>Ke b 1980-x ro^ax nocjie co3aaHHa A. TycoM Te- 

OpHH HHCfmaiJHH B KOCMOJIOrHH. Ha#0 OTMeTHTb, 4T0 «HOBaa» KOC- 

MOJiorwHecKaa nodoaHHaa 6bijia oneHb BejiHKa. Ecjih UlKJioBCKOMy 
h Kap^aineBy Tpe6oBajiocb A « 2 • 10~ 56 cm -2 zma o6bacHeHHa 
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pacnpe^ejieHHH 4>OTOMeTpHqecKHx ^aHHbix o KBa3apax, to Teopna 
hhcJwihuhh Tpe6oBajia A ~ 10 54 cm -2 ! 

YcKopeHHe pacuiHpeHHH BcejieHHOH, KOTopoe oGHapyacujin 
adpoHOMbi b nocjie^Hee aecnTHJieTHe XX Beica, cooTBeTCTByeT no- 

JIOXHTeJIbHOMy 3HaHeHHK) A ~ 10 CM . 

Hto H3MeHHTCH b 3BOJHOUHH BcejieHHOH no CpaBHeHHK) CO CJIV- 
4aeM A = 0, ecjiH A > 0? 

MeHRioTCH Bee CBOHdBa, KaK KMHeMaraqecKHe, TaK h aHHaMH- 
necKHe. OH3H4ecKHM pa3Mep ropH30HTa 4acTnu B03pacTaeT TaK ace, 
KaK h MacuiTa6HbiH 4)aKrop, a «jiarpaHxeB» pa3Mep CTpe mutch k no- 
ctoahhoh BejiHHHHe. TToh bjihctch ropH30HT HacTMu, 6yzjymero. OKa- 
3biBaeTCH, 4to Tenepb craHOBHTca HeB03MoacHbiM nepe^aTb CHraaji 
b 6y#ymee, TOHHee, hcbo3moxho nepeaaTb cHraaji Ha6jnoflaTejno, 
KOTopbift Haxo^HTCfl ot Hac Ha paccToaHHH 6ojibiue, neM pa3Mep 
ropn30HTa. H3MeHHK)Tca oueHKM B03pacTa BcejieHHOH. Ecjih 90 % 
o6meft njioTHoc™ BcejieHHOH npHxo^HTCH Ha hobwh bh^ MaTepHH 
(A-hjich), a 10 % Ha o6bi4Hoe BemecTBo, to B03pacT BcejieHHOH 
OKa3biBaeTca 6ojibine nomn b #Ba pa3a! 

HeM 6ojibine Maciirra6HbiH 4>aKTop, TeM 6ojibiue npHjiHBHoe 
oirajiKHBaHHe. Mnp HaHHHaeT pacuiHpaTbca HeorpaHH^eHHO. Ila- 
paMeTp Xa66jia He yMeHbiuaeTCH co BpeMeHeM, KaK b Moaejiax 
Opn^MaHa, a CTpeMmca k nocTOHHHOH BejiHHHHe H ~ \/X. 



POJKAeHHC BCCACHHOM 

__ _________ _-__-___-_--_____-_________ 

PO>KACHHe BCCACHHOM 

H3 ncHbi npocTpaHCTBa-BpeMCHH 

BcejieHHaa HanHHaeT pacuiMpHTbca M3 CHHryjiapHocra. IIocmo- 
tphm Ha Hee «no# mhkpockoiiom». Hto nponcxoflHT c npocrpaH- 
CTBOM-BpeMeHeM, Kor^a paccTOHHHe Meamy nacrauaMH nopaaica 
njiaHKOBCKoro paccTOHHHH? SHepraa o^hoh qacraubi — nopamca 

nJiaHKOBCKOH 3HeprHH? HeCOMHeHHO, flJIH OnHCaHHH 3THX CTa^HH 
3BOJIIOIJHH BceJieHHOH Heo6xO^HMO 6bIJIO npHBJieKaTb KBaHTOBbie 

npe^cTaBjieHMH, Heo6xo^HMo 6buio co3^aBaTb KBaHTOByio TeopHio 
rpaBHTauHOHHoro nojia. 

B KBaHTOBOH TeopHH nOJIH 0£HO H3 OCHOBHblX nOHHTHH — 3TO 

HyjieBbie (JxnyicryamiH KBaHTOB aaHHoro nojra. riojie b rpaBHTauHH — 
MeTpMKa npocTpaHCTBa BpeMeHH hjih caMa reoMeTpHH. KBaHTOBbie 
(JwiyicryauHH reoMeTpHH Ha3Bajin «neHoft» npocTpaHCTBa- BpeMeHH. 
TaKOH npe^cTaBjiHioT ce6e cero^HH KocMOjiorn CHHiyjrapHocTb — 
Hanajio pacuiHpeHHH Haiuett BceJieHHOH. 

Po^eHwe BceJieHHOH H3 KBaHTOBbix (JxjiyicryauHH (npocrpaH- 

CTBeHHO-BpeMeHHOH neHbl) flOJDKHO OnHCblBaTbCfl 3aKOHaMH KBaH- 
TOBOH rpaBHTauHH. OflHaKO, 3aKOHbi KBaHTOBOH rpaBHTauHH noKa 
eme He yuaeTca c(J)opMyjiHpoBaTb flaace Ha TeoperaqecKOM ypoBHe. 
B HeM 3^ecb ^ejio? 

KBdHTOBd$l rpdBMTdL|M$l 

06ma» TeopHH OTHOCHTeJIbHOCTH (OTO) — ■ peJIHTHBHCTCKaH 

TeopHH rpaBMTauHH — npHHUHnnajibHO OTjinqaeTca ot TeopHH 
3jieKTpOMarHHTHoro nojin h H3BecTHbix nojieft ^pyrax bhaob. OTO 
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CBH3biBaeT reoMeTpHio npocTpaHCTBa-BpeMeHH co CBOHCTBaMH Ma- 

TepHH. I103TOMy nOCTpoeHHe KBaHTOBOH rpaBHTaUHH 3KBHB3JieHTHO 

nocTpoeHHFO KBaHTOBoft reoMeTpnn npocTpaHCTBa-BpeMeHH. Ilpw 
3tom B03HHKaeT MHoro hhcto TeoperanecKHX (cKopee jxaxe 4>op- 
MajibHO-MaTeMaTHHecKHx) TpyaHoereH. He B^aBaacb b no#po6HocTH, 
nepeqwcjiHM jiHiiib npHHijHnHajibHbie TpyaHOcra: 

• RBjiaeTca jih Haui B3rji*m Ha npoerpaHCTBO-BpeMH b o6meft Teo- 

PHH OTHOCHTeJIbHOCTM a^eKBaTHMM npH nepeXOfle K KBaHTOBbIM 

npe^CTaBjieHHHM? B qacTHocra, KaK Haflo TpaKTOBaTb noHHTHe 

«npOCTpaHCTBeHHO-BpeMeHHOH» TOHKH? 

• HMed JIH MHCOKeCTBO TaKHX TOHeK MOmHOCTb KOHTHHyyMa? 

• ecjiw TaK, to HBJiaeTca jih TaKOH KOHTHHyyM #H(J)(J)epeHijHpye- 
mmm MHoroo6pa3HeM? 

JXnn Toro *rro6bi noacHHTb 3th Bonpocw, HanoMHHM qHTaTejno 
ocHOBHbie pa3JiHHH» MOK,ny KjiaccH^ecKHM no^xoaoM k onncaHHio 
4>H3HqecKoro npouecca (cKaxeM, flBHaceHHH HacTHijbi) h KBaHTOBbIM 
noflxo^oM k onncaHHio Toro >Ke npouecca. 

B KjiaccnqecKOH (|)H3HKe ocHOBHoe ypaBHeHHe — 3to ypaB- 
HeHne ^BHxeHHH, b kotopom cjieBa ctoht npoH3Be#eHHe Maccbi 
HacTHuw Ha ee ycKopeHHe, cnpaBa — aeftcTByiomafl CHJia. Oho 
HBJineTCH ,aH(|)(J)epeHUHajibHbiM ypaBHeHHeM, KaK npaBmio, BTopo- 
ro nop^Ka. B HanajibHbM momcht BpeMeHH 3a#aioT nojioxeHHe 
HacTHuw h ee CKOpodb. Ilocjie 3Toro, peuiaa zjH(])(l>epeHUHajib- 
Hoe ypaBHeHHe (ypaBHeHHe flBHaceHHfl), moxho Hatt™ nojioxeHHe 

HaCTHUbl H ee CKOpOCTb B JIK>6oH MOMeHT BpeMeHH. flpyrHMH CJIO- 

BaMH, HaftTH TpaeKTOpHK) nacTHUbi. B KBaHTOBott MexaHHKe Hd 
noHHTHa TpaeicropHH HacTHuw. Edb noHHTHe ee BOJIHOBOH $yHK- 
Uhh. Edb noHHTHe BepoHTHocra Han™ Bbi6paHHyio Hacraijy b 3a- 
aaHHott TOHKe npodpaHCTBa b 3a,aaHHbiH momcht BpeMeHH. Ecjih 
qHTaTejib 3axo4eT HaftTH KJiaccHMecKoe npH6jiH^ceHHe k TpaeKTO- 
Phh, to Heo6xo,aHMO 6yaeT BbiHHCJiHTb TaK Ha3biBaeMoe cpe^Hee 
3HaqeHHe Koop^HHaTbi HacTHUbi no KBaHTOMexaHH^ecKHM peajiH- 
3auH5iM. 3to cpe^Hee 3Ha*ieHHe 6yaeT coBna^aTb c KJiaccHHec- 
koh TpaeKTopneH. OflHaKo ^encTBHTejibHoe nojioxeHHe qacTHUbi 
He 6yaeT coBna^aTb c Hen! Orkh H3 caMbix H3BecTHbix (J)H3H- 
kob Haiuero BpeMeHH Pmapn OeHMaH b cbohx jickijhhx noacHflji 
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3to HBjieHHe Ha npHMepe H3JiOMaHHOH TpaeicropHH. ripe^nojio- 

MM, 4TO MM Ha6jIK)flaeM 3a flBHXeHHeM KBaHTOBOH 4aCTMUbI 

HeBoopyaceHHbiM rjia30M. Mm bh#hm «TOJicTyio» jihhhio, cpea- 
Hee 3HaneHHe kotopoh coBnaaaeT c KJiaccH4ecK0H TpaeicropHeH 
(cm. pnc. 5.1). 



a) 




PMC. 5.1 ♦ a) TpaeKTOpMJl KB3HTOBOM MaCTMUbl, BMAMMaa HeBOOpyxeHHblM B3rAflAOM; 

6) TpaeicropMfl tom *e Hacrnubi npn yBeAmeHW/i b HecKOAbKO pa3 

BoopyxHMCH jiynoft h o6HapyacHM, 4to Tenepb TpaeicropHH yace 
He rjiajucafl, oHa coctoht H3 DiaflKHx kyckob c H3JiOMaMH. Oa- 
HaKo cpeziHflH jiHHHfl, npoBeaeHHaa no 3thm KycKaM, coBna^aeT 
c KjiaccH4ecKoft TpaeKTopweH. Boopjokhmch mhkpockoiiom h 6yaeM 
paccMaipHBaTb rjia^KHH KycoK jihhhh. Toraa mm o6HapyacHM, 4to 
oh b cbok) oHepe^b coctoht H3 KycKOB MeHbuiHX pa3MepoB, Toace 

rjia^KHX, HO C H3JIOMaMH. H TaK flO 6eCKOHeHHOCTH. 3to 03Ha4a- 
eT, 4TO BepOHTHOCTb HaHTH KBaHTOByK) 4aCTHIjy BH6 KJiaCCH4eCKOH 
TpaeKTOpHH He paBHa HyjIK), XOra 3TO BepOflTHOCTb 04eHb 6mctpo 
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CTpeMHTca k Hyjno, Koma mh nbiTaeMCfl Hanra qacraijy aocTaTOHHo 
aajieico ot KjiaccMHecKoft TpaeKTopHH. Mepofl noHHTHH «flajieKo» 
3#ecb HBjiaeTCH aJiHHa bojihh .zie-BpoHjia 

h 

A — - — . 

mv 

BepoHTHocrb Haxo^aeHMH nacTHUbi b nojioce 2A BOKpyr cpe^Heit 
TpaeKTopHH noHTH paBHa eflHHHue. BepoaTHOdb Hairm nacTHixy 
3Ha4MTejibHOAajibiue, hqm X, ot cpeflHen TpaeKTopHH 6jiM3Ka k Hyjiio. 

OH3HKH TOBOpHT O BepOHTHOCTH HaHTH Hacrauy, MaTeMaTHK 

CKaaceT o HeflHcj)(])epeHUHpyeMOCTH j^koh TpaeKTopHH. Xora cpe#- 
Hee ycKopeHwe Hacrauw b tohhocth paBHO aeiicTByiomeH CHJie, 
no^ejieHHott Ha Maccy (Ha «3biKe HeKBaHTOBOH (J)H3hkh), MrHOBeH- 
Hoe ycKopeHHe MoxeT 6biTb KaK yro^Ho bcjihko, TOHHee, KaK yro^HO 
cmibHO MO^ceT OTjiHqaTbca ot chjim, ^eHCTByiomett Ha qacraijy. 

HTaK, B KBaHTOBOH MCXaHHKC TpaeKTOpHfl 3aMeHHeTCH nOHHTH- 
eM BepOHTHOCTH HaHTH HaCTHIjy. B TeopHH nOJIH nOHHTHe HaCTHUbl 

3aMeHHeTca noHHraeM bcjihhhhm nojiH. Oho xapaKTepH3yeTCH aM- 
ruiHTy^oH, (J)a3ofl h nacTOToft. B KBaHTOBOH TeopHH nojia aMroiHTyaa, 
4>a3a h nacTOTa KaKoro-jiH6o nojiH 3aMeHHK)Tca noHHraeM BepoHT- 
hocth Tex ace bcjihtoh. B o6meft TeopHH oTHocHTejibHocTH pojib 
nojia nrpaeT reoMeTpna npocTpaHCTBa-BpeMeHH. B Heft Heo6xo#HMO 
pa6oTaTb c BepoHTHOCTbio HMeTb KaKyio-jinGo reoMeTpnio. Ho b OTO 
reoMeTpna flOJDKHa 6biTb flH^epeHijHpyeMoft, a b KBaHTOBOH rpa- 
BHTauHH, KaK mh BH^ejiH Ha npHMepe TpaeKTopHH nacTHijbi, 3to, 
BOo6me roBopa, He TaK! 

Bee 3TH Tpy^HOCTH BbI3BaJIH K 2CH3HH HeCKOJIbKO nO^XOflOB 

k onncaHHK) KBaHTOBOH rpaBHTaijHH. Ee#a b tom, hto pa3JiH4Hbie 
no^xo^bi k KBaHTOBaHHio rpaBHTauHH aaiOT pa3JiHHHbie pe3yjibTaTbi. 

Il03T0My, npH OnHCaHHH KBaHTOBOH CTMHH 3BOJHOIJHH HaiHett 

BcejieHHOH Hcnojib3yK)TCH caMbie o6mne H^en o KBaHTOBOH 3bojiio- 
ijhh BcejieHHOH KaK aejioro ajih Toro, hto6w nojiy^HTb, no Kpaimeft 
Mepe, npaBHjibHbie KanecTBeHHbie pe3yjibTaTbi. YKaaceM HecKOJibKo 
H3 hhx. Bo-nepBbix, nojiHaa Macca 3aMKHyroft BcejieHHoft paBHa 
Hyjiio. 3to 03Ha4aeT, hto bch BcejieHHan MoaceT po^HTbcn 6e3 3aTpaT 
3HeprHH, t. e. H3 HH^ero. YKaaceM cpa3y, hto 3aKOH coxpaHeHHH 
3HeprHH b 3tom cjiynae BbinojiHaeTca. SHepraa rpaBHTaijHOHHO- 
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ro nojiH HBjiaeTca OTpHijaTejibHOH bcjihhhhoh, 3Heprna MaTepHH 
flBjiaeTca nojioxHTejibHott BejiHHHHoft, no3TOMy nojiHaH 3Heprna 
OKa3biBaeTca paBHoft Hyjiio. 

B KBaHTOBott TcopHH nojra BepoHTHOdb po>fmeHHfl BcejieH- 
hoh H3 HHHero BbWHCJiHeTCfl no,ao6HO no^6apbepHOMy npoxoacae- 
hhk) a-4ac™m>i b aTOMHoe mpo. OflHaico, b otjihhhc ot a^epHoft 

(J)H3HKH, KOppeKTHOe BblHHCJICHHC BepOHTHOCTH pOKfleHHH BceJieH- 

hoh yaaeTCfl b BecbMa cneijHciwqecKOM cjiynae. 

KocMOJiora Ha3biBaioT 3tot cjiynaft peuieHHeM Cmrepa. 
ToHHee, y^ajiocb BbinncjiHTb BepoHTHOCTb nepexoaa ot a = 0, t. e. 
KOCMOJiorMnecKOH CMHiyjiapHOCTM k a = H~ l 3a KOHe^Hoe BpeMa r. 
B a = 0 6bma cHHiyjrapHocTb, #o Hee BcejieHHaa cymecTBOBana 
b BHfle npocTpaHCTBeHHo-BpeMeHHOH neHbi, a k KOHiiiy KBaHTO- 
Boro npoijecca noHBHJiacb oflHopoflHan m M30TponHaH reoMeTpua 
c Macurra6HbiM (J)aKTopoM a = H~ { . Kohchho, Han6ojiee BepoaTHO 
poaqjemie BcejieHHOH c pa#nycoM kphbh3hh nopa^Ka miaHKOBCKoro 
pa3Mepa -R p i ~ 10~ cm. 



3^ecb yMecTHo oTCTymieHHe o njiaHKOBCKnx e^HHuuax. Ilocjie 
Toro, KaK MaKC IIjiaHK BBeji b (J)H3HKy HOByio 4)yH^aMeHTajibHyio 
nocTOAHHyio, Tenepb Hocamyio ero hmh, fe, CTajio ohcbh^ho, hto 

H3 HeCKOJIbKHX C^yHflaMeHTaJIbHblX nOCTOHHHblX: nOCTOHHHOH /l, 

nrpaiomeii ocHOBHyio pojib b KBaHTOBoft cf)H3HKe (KBaHT ^chctbhh), 

HblOTOHOBCKOH IpaBHTaiJMOHHOH IIOCTOHHHOH G, CKOpOCTH CBeTa C 

moxho c4>opMHpoBaTb ecrecTBeHHbie e^HHHUbi, HMeiomHe Bee TpH 

$H3H4eCKHe pa3MepHOCTH — flJIMHbl, BpeMeHM H MaCCbl. IloCKOJIbKy 
OHH HBJIHIOTCH Ba^KHblMM B HailieM M3JIOXeHMM, IiepeHHCJIHM HXI 

• l p{ = — « 1,6 x 10 cm, 



a Taicxce npon3BO£Hbie ot hhx: eflHHHijbi 3HeprHH, iijiothocth h tcm- 



flAdHKOBCKMe CAHHMUbl 




5,3 x 10 



-44 



• rn p{ 



he _ s 
i = — « 2,2 • 10 r, 



nepaTypbi: 



PoxAeHwe BceAeHHOM M3 neHbi npocipa Hcrea - b peMe h m 
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m pl c 2 * 2,0 x 10 16 3pr * 1,2 x 10 19 ftB, 

^ « 5,2 x 10 93 t/cm 3 , 
'pi 





IlpaBHJIbHO Bbl6paHHbie eflHHHIJbl HBJiaiOTCH MOlUHblM HHCTpy- 

MeHTOM b H3yHeHMM npHpoau. Ohm iio3bojihiot npoBecra pa3MepHbift 
aHajin3 HBjieHMH h oueHHTb no nopauKy BejiHHHHbi ero MaciQTa6, 
He npoBOAH TOHHoro HHCJieHHoro pemeHMH 3ajx&Hn. JJjw Hecne- 

UHaJIMCTa B KOCMOJIOrHH CaMblMH eCTeCTBeHHblMH 4)H3HHeCKHMH 

e^HHHixaMH hbjihiotch e^HHHijbi CM hjih CrC, KOTopwe no nopHflicy 
BejiHHHHbi coBna^aioT c xopouio 3HaKOMbiMH HejiOBeKy Macurra6aMn 
(1 kt, 1 m h 1 c). OflHaKO £Jifl KOCMOJioroB, oco6chho pa6oTaiomHx 
b o6jiacTH KOCMOJiorHH paHHeft BcejieHHoft, ruiaHKOBCKHe e#HHHijbi 
aBJiaioTca 3Ha*iHTejibHO 6ojiee ecTecTBeHHbiMH, hqm, HanpHMep, CrC 

eflHHHIJbl. 

MHorae ypaBHeHHH, c kotopmmh KOCMOJiora pa6oiaioT npn 
onncaHMH paHHeft BcejieHHoft, 3anHcaHbi b njiaHKOBCKHX e^HHH- 
uax, hto 3Ha4HTejibHo ynpomaeT 3an«cb h no3BOJiaeT BbiHJieHHTb 

(J)H3H4eCKHft CMblCJI 3a#aHH. 

npo^ojDKHM o6cy^aeHHe npouecca poameHHH BcejieHHoft. 



Ha puc. 5.2 cxeMaTHHecKH npeflcraBjieHa 3aBHCHMOCTb a (\iac- 
uiTa6Horo 4>aKropa) ot BpeMeHH. CjieBa ot och op^HHaT (npw 
t < 0) HaxoflHTca KJiaccHHecKH 3anpemeHHaa o6jiacTb, Macurra6- 

Hblft (JftKTOp B 3TOft o6jiaCTH HCnblTblBaeT CHJIbHbie (^jiyicryaaHH, 




Pmc. 5.2. noKa3aHa bbomouma 
MacLUTa6Horo (J>aKTopa co Bpe- 

M6H6M. BOAHMCTOM AMHM6M flO- 

Ka3aHa o6AacTb KBamoBOM 3bo- 

AIOUHM BCCA6HHOM. CriAOLUHOM 

AkiHkiePi noKa3aHa o6/\acTb KBa- 

3MKAaCCMHeCKOM 3BOAKDUMM M 



► BblXOA Ha MH())AflUMOHHyKD CTa- 
p AHIO 
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KOTopbie npe^cTaBJiHioT H3 ce65i (JwiyKTyauHH npoerpaHCTBa-BpeMe- 
hh. Ee ycjiOBHO Ha3BajiH «hhhto». B Heft KjiaccHHecKoe npoerpaH- 
CTBO-BpeMH He cymecTByeT, aHajiorHHHO TOMy, Kaic He cymecTByeT 
KJiaccHHecKott TpaeKTopHH a-nacTHUbi (o6hhhoh jmepHoii Hacrauw) 
bo BpeMH TyHHejibHoro nepexo^a. 

CjieBa ot BepTHKajibHOM och reoMeTpwa npodpaHCTBa-BpeMeHH 
HcnbiTbiBaeT CHJibHbie (JxjiyKTyaijHH. Bo3mo)kho flaxe, hto BpeMeHHaa 
nocjie^OBaTejibHOCTb KaKnx-jiH6o co6biTMH b MHpe h caM hx cmmcji 
npeTepneBaeT H3MeHeHHe b npocTpaHCTBeHHO-BpeMeHHOH neHe. Hh- 
TaTejib MOxeT B03pa3HTb, hto cymecTByfl TaKwe hbjichhh Ha caMOM 
aejie, ohh jxaBHO Gwjih 6bi oGHapyaceHbi. 3to npaBHjibHO, ecjin 6bi 

3TH C06bITHH pa3birpbIBajIHCb Ha npHBblHHblX HaM npOCTpaHCTBCHHO- 




Pmc. 5,3. KBaHTOBbiM BaKyyM n pocrpa hctb6 -bpcmc h m , kqk npeAcraBAflA ero ce6e 3Ha- 

MeHMTblkl aMepMKaHCKMM 4>M3MK A*. A. YHA€p. B CaMblX M6AKMX MaCLUTa6aX, AOCT/nHblX 

coBpeMeHHOM ct>M3w<e, 10" 16 cm npocipaHCTBO-BpeMsi flBAfleTca rAaAKMM. Ha pac- 
CTOflHMJix nopjiAKa 10" 30 cm HaHMHaiOT npoflBAATbCfl nepBbie npeABecTHMKM boahchma, 
noBepxHOCTb riAOCKocTM, M3o6pa>KaioLuePi neTbipexMepHoe npocTpaHCTBO-epeMfl, da- 
HOBMTCJi HepoBHoPi, Ha HePi nosiBAsieTCfl peAbec)>. Ha MaciUTa6ax b Tbicany pa3 MeHbiue 
KpnBM3Ha m Aaxe caMa TonoAorMJi npocTpaHCTBa-epeMeHM CMAbHO (^AyKiynpyiOT. 3to 
noxoxe Ha BOAHyiomeecfl Mope. CBbicoKa Mbi He bmamm OTAeAbHbix boah,- onycKaacb 
HMxe, 3at*eyaeM boahw, 3aieM 6apaiuKM; BrAflAbiBaacb 6oAee npncTaAbHO, 3aMenaeM 
dpyicrypy «6apaiuKOB» m OTAeAbHbie KanAM 
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BpeMeHHbix MacuiTa6ax. O^Haico, 34>(J)eKTbi KBaHTOBoft rpaBHTaijHH 

flOJDKHbl npOHBJIHTbCfl TOJIbKO Ha HCKJIIOHHTeJIbHO MaJIblX — IUiaH- 

kobckhx MacuiTa6ax npocTpaHCTBa h bpcmchh. 

#0 chx nop (J)H3hkh HMejiH aejio c MacuiTa6aMH He MeHbine, 
^eM 10" 16 cm (KOMnTOHOBCKaH ,zyiHHa bojihw nacTHuw, pa3orHaHHoft 
b caMOM moluhom H3 coBpeMeHHbix ycKopHTejiew 3jieivieHTapHbix na- 
CTHUi). OTHOiueHHe 3Toro MacuiTa6a k iuiaHKOBCKOMy MacinTa6y, r^e 

flOJDKHbl 6bITb YKQ 3HaHHTeJIbHbIMH 3<J)(J)eKTbI KBaHTOBOH TpaBHTa- 

Uhh, npeBbimaeT 10 17 . 3to OTHomeHHe paBHO othoiiichhio ajihhw 
HejiOBenecKOH pyKM ot jia^OHH ro jiokth k paccroHHHio ao 6jih- 
xaHiueft 3Be3flbi. EcTecTBeHHO, mo, pa6oTaa c TaKHMH «rpy6biMH» 

H3MepHTejIbHbIMH HHCTpyMeHTaMH, (J)H3HKH He MODIH 3aMeTHTb npO- 

ueccbi, npoHcxcwmjHe Ha Maciirra6ax 10~ 33 cm. 

IlpeacTaBHM ce6e nojieT Ha caMOJieTe. flajieKo BHH3y cnjiouiHoft 
3ejieHbift o^Hopo^HbiH KOBep. Bot caMOJieT onycKaeTca HHxe, h mm 
bh^hm jiec, Ha^HHaeM pa3JiH4aTb oTOejibHbie ^epeBba, bphm, hto 

OHM CTOflT H nOBepXHOCTb BHH3y He HBJIHeTCH rjia^Koft. CaMOJieT 

ca^HTca, mh npHxo^HM b Jiec h nopaacaeMca BbicoTe aepeBbeB, 
a TaioKe TOMy BnenaTJieHHio rjia^Koc™ 3Toro jiaH/miacJvra, KOTopoe 
6hjio b nojieie. 

TaK ace h 34>4>eKTbi KBaHTOBoft rpaBHTauHH npoH3BO^T bhah- 
Mbie HCKaxeHHH reoMeipHH npocTpaHCTBa-BpeMeHH TOjibKo Toma, 
Koraa mh MoaceM «pa3JiH4aTb» MacuiTa6bi nopflflica roiaHKOBCKOH 

ZUIHHbl 10" 33 CM (CM. pHC. 5.3). 

FpdBMTdL|M$i m cynepcTpyHbi 

OCHOBHOH napa^OKC KBaHTOBOH rpaBHTauHH — HeCOBMeCTH- 

MOCTb KBaHTOBoro noflxoaa k onncaHHio nojieBbix bcjih^hh h Tpe- 
6oBaHHH ,n;H(i)<t)epeHijHpyeMocTH npocTpaHCTBeHHo-BpeMeHHoft Me- 
TpHKH (rpaBHTauHOHHoro nojifl), KaateTCH, Ha^HHaeT Haxo^HTb CBoe 
pemeHHe b o^hoh H3 hobchiuhx <})H3HHecKHx TeopwH — TeopHH 
cynepcTpyH. 

B 3toh TeopHH 3JieMeHTapHbie nacTHUbi npeacTaBjraFOTCfl b Bime 
o^HOMepHoro o6beicra, noxoacero Ha CTpyHy. IIpoTHaceHHbiH o6t>- 
eKT MoxeT KOJie6aTbCH noflo6HO rHTapHOH crpyHe, 3ByKH, KOTopwe 
H3^aeT cTpyHa npn B036yacaeHHH (cicaaceM, iminKe), onpeaejunoT- 
cfl ee HaTflxeHHeM h pa3MepaMH. HacTOTa KOJie6aHHH onpeaejiaeT 
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BbicoTy 3ByKa. TaK khb cynepcTpyHax. CymecTByioT mo^m mrce- 
6aHMH cynepcTpyH, nacTOTa kzxrovl mo^m onpeaejiaeT Hacrauy m ee 
3HCprnK). H3BecTHbie nacTHUbi HHTepnperapyioTCH KaK pa3JiH4Hbie 

MOflbl KOJie6aHHH eflHHOH CTpyHbl. 

Teopna cynepcTpyH o6jiaaaeT TaioKe cynepcHMMeTpneH — chm- 
MeTpweH, o6beflHHHiomeft nacTHUbi c uejibiM cnwHOM (k npHMepy, 
4)otohh) h nojiyuejibiM ciihhom (HanpHMep, 3jieKTpoHbi) b e^HHyio 
cxeMy. Boo6me roBopa, c tohkh 3peHHa 4>h3hkob, KOTopwe 3a- 
HHMaiOTca TeopHeft cynepcTpyH, OHa o6jia#aeT Maccoft aoctohhctb 
h npaKTHHecKM jiMiueHa He^ocTaTKOB. C tohkh 3peHHa flpyrax cne- 
UHajiHCTOB, y 3toh TeopHH ecTb cymecTBeHHbift HeaocTaTOK — ee 
HeB03MO)KHO (no KpaHHeft Mepe noxa) npoBepHTb 3KcnepHMeHTajib- 
ho b jia6opaTopHH. Hejib3H b jia6opaTopnM — MoaceT 6brn> mchkho 
npoBepMTb, Ha6jno,aaa BcejieHHyio? O^ho M3 aKTHBHO pa3BHBae- 
mhx ceifaac npujioaceHHH TeopHH cynepcTpyH — 3to HCCJieaoBaHHe 
(TeopeTHHecKoe) hx B03MoacHbix npoHBjieHHH b paHHeft BcejieH- 
hoh h b npeaejibHbix qepHbix flbipax — o6beicrax c MaKCHMajibHbiM 
rpaBHTauHOHHbiM nojieM. 

Pa3Mep (npoaojibHbift) y o#hoh cyneperpyHbi Maji, oh nopa^Ka 

ii 

njiaHKOBCKoro pa3Mepa 10 cm. Ilo3TOMy c tohkh 3peHHa coBpe- 
MeHHoft 3KcnepHMeHTajibHoft (J)H3hkh cynepcTpyHbi npe^daBJiHioT 
H3 ce6a TOHe^Hbie oGbeKTbi. TpaBHTauHH BKjnonaeTca b Teopnio cy- 
nepcTpyH ecTecTBeHHbiM o6pa30M, KaK o^Ha H3 cTeneHen cBo6o#bi. 
IIocKOJibKy ,zyia Hauiero H3Jio>KeHHa BaacHO, KaK hmchho nojiynaeTca 
rpaBHTaanoHHoe B3aHMOfleftcTBHe H3 TeopHH cynepcTpyH, oeraHO- 

BHMCH Ha 3TOM cneunajibHO. 

06maa TeopHH oTHocHTejibHocra, mropaa b TeopHH cynepcTpyH 

HBJiaeTCa BCerO JIHIHb OflHHM H3 B3aHMO#eHCTBHH, flOnyCKaeMblX 3TOH 

Teopneft, onncbiBaeT rpaBHTaunoHHoe nojie KaK HCKpHBJieHHbift ne- 
TbipexMepHbift npocTpaHCTBeHHo-BpeMeHHOH KOHTHHyyM. HajiHHHe 
Mace onpe^ejiaeT KpHBH3Hy npocTpaHCTBa, caMH Maccw flBHacyrca 
b TaKOM npocTpaHCTBe no jihhhhm MHHHManbHOH ajihhm — reo- 
^e3HqecKHM. TpaBHTauHOHHwe ypaBHeHHa onpe^ejiaioT He TOJibKO 
CTpyKTypy npocTpaH CTBa , ho h ^BHaceHHe MaTepHH b HeM. 

B TeopHH cynepcTpyH B3aHMOjxeHCTBHa aeHCTByioT b MHpe, pac- 
uinpeHHOM jxo 6ojibinero HHCJia H3MepeHHH, HanpHMep, jio fleBara 

npOCTpaHCTBeHHblX H3MepeHHH H OflHOIT) BpeMeHHOrO. flCHO, 4TO 
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UieCTb npOCTpaHCTBeHHHX H3MepeHHH flOJUKHbl 6bITb «CKpbITbI» OT 

Ha6jnoaaTejiH. B o6bi4Hbix ycjioBwax mm He aojukhm 3aMeqaTb npn- 
cyTCTBMa .aonojiHHTejibHbix H3MepeHHH. Ohh hbjihiotch «CBepHy- 

TbIMM». 

rioacHMM CKa3aHHoe Ha pHcyHKe. ripeflCTaBHM ce6e 6y6jiHK 
(puc. 5.4). B reoMeipHH TaicaH (Jmrypa Ha3biBaeTca TopoM. y Topa 
edb flBa pa^wyca. riepBbiii — «6ojibiuoH», 3to pa^nyc okpjokho- 
cth A. Btopoh pawyc MeHbinero pa3Mepa, 3to pa^nyc OKpyacHO- 
cth J5. IlycTb oTHoineHHe 3thx pa^wycoB bcjihko, cica^eM 10 60 ; 
pa^wyc OKpyacHocra A cocTaBjraeT 10 30 cm, a pa^nyc 0Kpy>KH0CTM B 
cocTaBjineT 10~ 30 cm. Toraa cymecTBy, o6jia#aioineMy ^ociaTOHHo 
6ojibuiHMH pa3MepaMH, cKa>KCM, nopwKa 1m, h acwBymeMy Ha no- 
BepxHOCTH Topa, 6yzjeT Ka3aTbca, hto top o^HOMepeH. 3to cymecTBo 
npodo He CMoaceT «npoTHCHyrbCH» b AonojiHHTejibHoe H3MepeHHe. 



Pmc. 5.4. Ha pkicymce M3o6pa>KeH Top («6y6AMK»). noBepxHocTb Topa - 3to ABy- 

MepHOe MCKpMBACHHOC npOCTpaHCTBO. B OTAMHMC OT C(J)€pbl TOP o6A6AaeT APYTOM 

TonoAorkiePi. AByMepHbiM xmeAb Ha t3kom noBepxHocTM o6inapy)KMT, hto abm)K6hm5i 

B AByX Hanpa BACH MAX He3KBMBaAeHTHbl. OAHO HanpaBAeHMe Ha TOpe 3KBHBaA€HTHO 
ABM>KeHMIO no OKpy>KHOCTM A C 60AbLUMM paAHyCOM, BTOpoe no OKpy>KHOCTM B 

c MeHbLUMM paAnycoM 



TaK ace h b MHpe, kotopwh onHCbiBaeTCH TeopneH cynep- 

CTpyH, ^onojiHHTejibHbie mecTb H3MepeHHft «MajieHbKne» h «cBep- 

Hyrbie». Tpn H3MepeHHH 6ojibiune, 3aBe#OMO 6ojibiue neM 10 28 cm, 

i -j 

a mecTb hmciot pa^nyc KpnBH3Hbi He 6ojibiue HeM 10 cm, a CKopee 
10" 33 CM. 

B TaKOM MHpe B3aHM0^eftcTBHH ropa3flo 6ojibiue, hgm b npn- 
BbiHHOM HaM qeTbipexMepHOM MHpe. MHorae H3 hhx mojkho oto- 

^CaeCTBHTb C npHBWHHblMH HaM HaCTHIjaMH H IIOJIHMH. 

Teopna cynepcTpyH eme oneHb #ajieica ot 3aBepuieHHH. MoaceT 
6biTb, nocjie nodpoeHHH 3toh TeopHH <Jm3HKH, HaKOHeu,, nojiynaT 
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TeopHio, KOTopan HBJiaeTCH yHHBepcajibHon. Hmh jum TaKoft TeopHH 
yace npHayMajiH: «TeopHH Bcero Ha cBeTe»; aHrjiHHCKan a66peBnaTypa 
3Toro BbipaxeHHH edb TOE (Theory of Everything). 

Ochobhoh Bonpoc k TeopHH cynepdpyH — CTpyKTypa kocmo- 
jiorHHecKOH cHHiyjinpHOc™ (no KpaHHen Mepe b paMKax 3toh, nycTb 
eme h He ,n;oKa3aHHOH TeopHH) — He peuieH. CymecTByeT jih eraijHO- 
HapHoe o6pa30BaHne, KOTopoe moscho accounnpoBaTb c BaicyyMHbiM 
cocTOHHHeM b 3TOH TeopHH? Otbct Ha 3TOT Bonpoc nbnaiOTca ^aTb 
HeKOTopwe Hccjie^oBaTejin. C nepnoflOM b HecKOJibKo JieT otbct 
MeHfleTca Ha npoTHBonojio^cHbitt. IIpoHCXoflHT TaK He noTOMy, ko- 
He^HO, hto HCCJieaoBaTejin He cjihhikom cTapaTejibHbi, a noTOMy, mo 
npo6jieMa hbjihctch HCKjiioHHTejibHo Tpy^Hoft oth peineHHH. 

ITo^eMy MHorae kocmojio™ c^HTaioT, mo cHHiyjinpHOCTH Heo6- 
xo^hmo H36eraTb? B CHHiyjinpHoc™ He npHMeHHMbi jno6bie (J)H3h- 
qecKHe 3aKOHbi h ypaBHeHHa. Ilo mhchhio H3BecTHoro poccHHCKoro 
KOCMOJiora A. A. Crapo6nHCKoro, b hckotopom CMbicjie, CHHryjrap- 
HOCTb — 3to OTcyrcTBue npe^cKa3yeM0CTH h KOHeu fymmecKux 
MeTO^oB b onHcaHHH Hauieft BcejieHHOH. Otbct Ha 3tot Bonpoc cbh- 
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3aH b 6ojibiueft cieneHH c o6me4ejioBe4ecKHMH, a He c 4>H3HHecKMMM 
coo6pa^ceHHHMH. Ecjih Hama BcejieHHaa po^HJiacb H3 CHHryjrapHO- 
cth, 3Ha4HT, edb MOMeHT TBopeHMH, 3HaHHT, cymecTBOBaji TBopeu. 
Ecjih BcejieHHaa MoaceT HaxoflHTbca b CTauHOHapHOM coctohhhh 
(KOTopoe onncbiBaeTca, HanpHMep, TeopneH cynepcTpyH) KaK yro,n- 
ho aojiro, a Hanajio npouecca pacuiwpeHHH — pacnaa H3 CBepx- 
njioTHoro coctohhhh (c n jioTHOCTbio , flaBjieHHeM h TeMnepaTypoH 
nopa^Ka ruiaHKOBCKoft hjih aaace Bbiiue), aHajiorHHHbiii a-pacna^y 
ajjpa, to ranoTe3a TBopua hbjihctch H3JiHiiiHeH. O^HaKo, noBTopio, 
hto npo6jieMa ociaeTCH HepemeHHOH. 

no coBpeMeHHbiM npe^cTaBjieHHHM npocipaHCTBO-BpeiviH b 
njiaHKOBCKHx MacuiTa6ax npeflCTaBjiaeT H3 ce6a 4>aHTacTHHecicyio 
(Jmrypy, 6ojibiue HanoMHHaiomyK) MOHCTpa H3 (JmjibMOB yacacoB, 

4eM 06l>eKT 4>H3H4eCKHX HCCJieflOBaHHH (cm. phc. 5.5). Hbjihctch JIH 

3Ta KapTHHa npaBHjibHoii, noKaxyr 6yaymHe Hccjie^oBaHHH. 



4>M3MKa 3ACMCHTapHblX HaCTMI| 

M KOCMOAOrMH 



B nocjieayiomHx rjiaBax mm nepeft^eM k onncaHHio 3bojiiouhh 
Hameii BcejieHHoft nocjie MOMeHTa ee poameHHH. fljiH 3Toro HaM 

nOHa^o6HTCH HeKOTOpbie nOHHTHH COBpeMeHHOH (|)H3HKH. 

B KBaHTOBOH MexaHHKe nocjie «Bbixo,aa» a-HacTHUbi b KJiaccH- 
necKM pa3peuieHHyio o6jiacTb mo)kho nojib30BaTbC5i KjiaccMHecKMM 
onncaHneM ee flBHaceHHH. Tohho Taoce nocjie «po>KAeHMH Bce- 
jieHHofi H3 Hnqero» mokho nojib30BaTbca HeKBaHTOBaHHOH o6mew 
Teopnen OTHocHTejibHOCTH onHcaHHa 3bojiiouhh MacuiTa6Horo 
(f>aKTopa. 

Xoth reoMeTpHqecKwe cBOHCTBa BcejieHHoft hbjihiotch y»ce xo- 

POUIO 3HaKOMbIMH KJiaCCMHeCKMMM BejIHHHHaMH, <J)H3H4eCKHe Xa- 

paKTepMCTMKM BemecTBa cpa3y nocjie oKOHnaHHH KBaHTOBOH CTa^MM 
3bojiioijhh BcejieHHOH, KOHeHHO, MeHee onpe^ejieHHbi, neM reoMe- 
TpHHecKne. 3^ecb cjie^yeT c^ejiaTb HecKOjibKO 3a\ie4aHHH o 4>H3HKe. 
flojiroe Bpeivia ochobhmm MeTOflOM no3HaHHH b cj)H3HKe 6wji 3Kcne- 
pHMeHT. TeopeTHHecKan (J)H3MKa cymecTBOBajia, HTo6bi Ha ero ocHOBe 
nocTpoHTb HeKOTopyio MO^ejib Hauiero MMpa. ^a>Ke b Hanajie Hame- 
ro CTOJieran TaKne a6cipaKTHbie Teopnw, KaK KBaHTOBaa MexaHMKa 
h cneunajibHaH TeopHfl OTHocHTejibHOCTH, po#Hjmcb H3 noipe6Ho- 
CTeft 3KcnepnMeHTa. Pa3BHTHe 3thx TeopwH (b nacTHoc™, co3#aHHe 

06meft TeOpHM OTHOCHTejIbHOCTH) 6bICTpO 060rHaJ10 B03MO)KHOCTH 

TexHOJioraH Toro BpeivieHM, h TOJibKO b KOHue flBaAuaToro BeKa CTajia 
B03MOXHa 3KcnepHMeHTajibHaa npoBepica Han6ojiee BaacHbix npe^- 

CKa3aHHH 06meH TeopHH OTHOCMTeJIbHOCTH H KBaHTOBOH (J)H3HKH, 

KOTopbie 6wjih caejiaHbi nomH cto JieT Ha3a#. CoBpeMeHHan TeopeTH- 
qecKaa 4>H3Hica (Teopna 3jieivieHTapHbix qacTwu) AaneKO oTopBajiacb 
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ot B03MO)KHOCTeM 3KcnepHMeHTajibHoft (J)H3hkh. Moxho CKa3aTb, 

HTO Tpa^HUHOHHWH MeTOfl H3yHeHHH CBOftCTB 3JieMeHTapHbIX HZ- 

cthij — MCCjicziiOBaHHe hx Ha ycKopwTejiax — no3BOJineT H3ynaTb 
CBOHCTBa nacTHU npH 3Hepraax ~ 1 T3B (TepasjieicrpoHOBOJibT = 1 
3pr), b to BpeMH KaK 4)H3HKH-TeopeTHKM CMejio onepHpyiOT c 3Hep- 

raHMH nopamca 10 19 FsB « 10 16 3proB Ha o#Hy qacTHuy. 

KocMOjiorHqecKaa Mo^ejib OpH^MaHa, onncaHHaa b rjiaBe 4, 
Bbmepxajia npoBepKy BpeMeHeM h Ha6jnoaeHHHMH. QaHaKo, KaK 
h bo bchkoh Teopnn, b Heft ocTajiocb MHoro HepeiueHHbix npo- 
6jieM. HeKOTopwe npo6jieMbi HBjnuiHCb 3KcnepHMeHTajibHbiMH, ohh 
Aojdkhu 6mjih 6biTb peuieHbi b npouecce pocTa Ha6jno#aTejibHoro 
MadepcTBa h tcxhojiohih, jipyme npo6jieMbi HBjrajiHCb hhcto Teope- 
TH4ecKHMH. IIocjie,aHHe Bcer^a hbji5hotch 6ojiee Ba>KHbiMH, nocKOJib- 
Ky 6pocaiOT BM30B HHTejuieKTy cneuHajiHCTOB-KOCMOJioroB. fljia hx 
peiueHHH He h>okho CTpoHTb 6e3yMHO aoporne 3KcnepHMeHTajibHbie 
ycTaHOBKH, co6npaTb thchhh cneijHajiHCTOB #jra pa6oTbi Ha£ o,n;Hoft 
npo6jieMoft. 3anacTyio 6biBaeT ^ocTaTOHHO o^Horo, ho reHHajibHoro 
HCCJie^OBaiejia. 

Iloao6Hbie npo6jieMbi 6mjih h b KOCMOjiorHH. Ohh Ha3braa- 

JIHCb MeTa<})H3H4eCKHMH npoGjieMaMH. C pemeHHH MeTa<J)H3H4eCKHX 

npo6jieM KOCMOjiorHH h B03HHKjia TeopHfl hhcJxjihijhh. 

TeopHH HH(})jiHUHOHHoft BcejieHHoft B03HHKjia b 1981 r., c ony- 
6jiHKOBaHHH b ne^a™ pa6oTbi AjiaHa Tyca «HH(J)jiHLjHOHHaH BcejieH- 
Haa: B03MoatHoe peuieHHe npo6jieMbi ropn30HTa h hjiockocthocth». 
TaKoe HecKOJibKO juiHHHoe Ha3BaHHe hocht CTaTbH, 3ajioxHBiuaa 

OCHOBbI COBpeMeHHOH KOCMOJIOrHH paHHeft BceJieHHOH, CTaTbH, KO- 

Topaa, noxoace, hbjihctch oflHoft H3 caMbix unrapyeMbix pa6oT no 4>h- 
3HKe h adpoHOMHH flBa^uaToro BeKa. OHa 6buia ony6jiHKOBaHa b hh- 
Bape 1981 r. Yace cnycra rojx, 6mjio oco3HaHO, hto 3Ta CTaTbH pema- 
eT He TOJibKO Te Bonpocw, KOTopbie nepenncjieHbi b ee oniaBjieHHH, 
ho h npo6jieMbi cneicrpa KOCMOJioranecKHx B03MymeHHft, a TaioKe ot- 
Be^aeT Ha MHorne (J)yH#aMeHTajibHbie Bonpocw coBpeMeHHoft kocmo- 
jiorHH. Hanajio BocbMH^ecHTbix ro^oB — 3to HacTonmnft «HH<j)jiHaH- 
oHHbift» 6yM b TeopeTHnecKoft KOCMOjiorHH. Ha4ajio aeBHHOCTbix ro- 
rob npHHecjio nepBbie 3KcnepHMeHTajibHbie no^TBep^meHHH TeopHH 
HH(J)jiauHH, TeopHH paHHeft BcejieHHoft. Bojiee toto, CTajio noHHT- 

HblM, HTO KOCMOJIOrHH, OC06eHHO 3KCnepHMeHTajIbHafl KOCMOJIOrHH, 
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fA6Ba 6. 0M3MKa 3AeM€HTapHblX H6CTMU H KOCMOAOfHfl 



MoxeT cjiyatHTb o6uihphoh jiaGopaTopneH #jih npoBepKH TeopHH 3jie- 
MeHTapHbix nacTHu b ycjioBHax KOCMOca, nocKOJibicy 3anacTyio He- 
bo3moxho npoBepHTb 3th TeopHH b ycjiOBHHx 3eMHbix jia6opaTopHH. 
Ha^o CKa3aTb, hto H#eH, BbicKa3aHHbie b ciaTbe A. Tyca, KaK 

rOBOpMTCH, «HOCHJIHCb B B03flyxe». CxO)KHe KRQK 6bIJIH BbICKa3aHbI 

3a flecHTb jieT jxo ee Bbixo^a b cbct cobctckhmh KOCMOJioraMH DiHHe- 
poM h flbiMHHKOBoft, 6ojiee Toro, 3a HecKOJibKo JieT jxo cTaTbH A. Fyca 
A. CTapo6HHCKMH nocTpoHji Moaejib, qpe3BbiHaftHo noxoacyio Ha hh- 
$jiaUMOHHyio MOjxeiih BcejieHHOH. B. Py6aKOB 3a HecKOJibKo mcch- 
ueB ,n;o A. Tyca ony6jiMKOBaji npenpHHT, b kotopom #aji npaBHJibHoe 
peiueHHe npo6jieMbi 3HTponHH. Hctophh 3Ta, hccomhchho, noy^n- 
TejibHa. ripaBHjibHO no^oGpaHHoe cjtobo «hh(J)jihuh5i», npaBHJibHan 
$opMyjiHpoBKa Bcex npo6jieM peuiHJiH cy#b6y CTaTbH, npHBjieioiH 
k Heft orpoMHoe BHHMaHHe, h cen^ac npHHHTO c^HTaTb, hto Teopna 
paHHew BcejieHHOH 6epeT cBoe Hanajio hmchho co CTaTbH A. Tyca. 

O^HaKO noHHTb Hflen, Jieacamne b ocHOBe TeopHH paHHeft Bce- 
jieHHOH, HeB03MoacHo 6e3 ocHOBaTejibHoro paccKa3a o KOHijenijHHx, 
<})opMHpyiomHx $yH^aMeHT coBpeMeHHoft TeopHH 3JieMeHTapHbix na- 
cthij. 06jiacTb 3Ta HacTOJibKO HeoGwraaa, a aBTop hh b KoeM cjiynae 
He MoaceT cHHTaTb ce6a 3KcnepT0M b Heft, hto npHxo^HTCH peKO- 
MeH^OBaTb HHTaTejno zyra 6ojiee 6jiH3Koro 3HaKOMCTBa c npe^MeTOM 
3aMeqaTejibHyio KHHiy [6] poccnftcKoro (J)H3HKa, nocBameHHyio Teo- 
pHH sjieMeHTapHbixHacTHu. TeM He MeHee, HecKOJibKo cjiob o (J)H3HKe 
3jieMeHTapHbix nacTHij 3#ecb hcoGxoahmo CKa3aTb. Abtop nocTapaeT- 
C5i H3JiaraTb ocHOBHbie H^en Ha ypoBHe BocnpHHTHH, KaK roBopHTca, 
<<zyifl neuiexo,aa», ho nojiHOCTbio H36eacaTb paccKa3a o hobo ft (J)H3h- 
Ke Hejib3H, nocKOjibKy 6e3 3Toro 6yayr HenoHHTHbi ocHOBHbie mien 

HH^JMHiHOHHOft BceJieHHOft. 

flOHCKH eAHHCTBa B3dMMOACHCTBHHI 
M 3 ACMC HTa p H b I X H3CTHLI B <t>M3MK€ 

OflHoft H3 rjiaBHbix 3a#an (J)H3hkh Bcema 6biji noncK «caMbix- 
caMbix» 3JieMeHTapHbix qacraij MaTepHH h e^HHoe onncaHHe hx B3a- 

HMO^eHCTBHH. 0#HO H3 TJiaBHblX yCJIOBHH, KOTOpOMy flOJUKHbl 6bIJIH 

y^OBJieTBopflTb 3JieMeHTapHbie Hacraubi — craGnjibHOCTb, BTopoe — 
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3jieMeHTapHaH nacraua He Morjia 6biTb cocTaejieHa H3 6ojiee Meji- 
khx qacrau. Flo Mepe npo,n;BH)Ke h hh Ha 6ojiee rjiy6oKHe ypoBHH 
onHcaHHH ripHpo^w h BemecTBa caMa KOHuenuHH 3JieMeHTapHOCTH 

H eflHHCTBa H3MeH5IJiaCb. 

BHanajie, Koma jyin HccjieflOBaHHH erpyFcrypbi BemecTBa nejio- 
BeK Mor npHMCHHTb TOJibKo cpe^cTBa, npe^ocTaBjieHHbie eMy npw- 
poaoft — co6cTBeHHbie rjia3a h pyKM, 3jieMCHTapHWMM HaerauaMH 
CHHTajiwcb aTOMbi. B apeBHeM Mwpe, rpenecKHM yneHbiM fleMOKpH- 
tom 6bijia BBeaeHa KOHijenuHH aTOMOB, KOTopbie CHHTajiHCb He^ejiH- 
MbiMH. B npoiiuiOM BeKe 6buia nocTpoeHa KjiaccH(J)HKauHH aTOMOB 
b BHfle Ta6jiHUbi MeHztejieeBa, KOTopaa o6o6majia n3BecTHbie xhmh- 

HeCKHe 3HaHHH O B3aHMOfleHCTBHHX MOK^y pa3JIHHHbIMH 3JieMeHTaMH 

h Kjiaccn(|)nijHpoBajia caMH 3JieMeHTbi. B xhmhh cHHTajiocb, mo 3Jie- 
MeHTbi hbjihiotch nepBOHacraijaMH npnpoflbi, H OHH He^eJIHMbl. 

Moxho cMemaTb BO^opoa h KHCJiopojj, noflaceHb hx, npn 3tom 
b pe3yjibTaie xhmhhcckoh peaiajHH o6pa3yeica Bo^a. Mo>kho ro- 
6aBMTb 3Ty Boay k acejie3y, o6pa3yeTCH p>tcaB4HHa. Ho HecMOTpn 
Ha TaKwe cymecTBeHHbie H3MeHeHHH, b hhx npHHHMaiOT ynacrae 

TOJIbKO TpH BHfla aTOMOB: BO^OpOfl, KHCJIOpOfl H 2tejie30. HHKaKH- 

mh cnoco6aMH, flocrynHbiMH xHMHKaM h 4>H3HKaM npouuioro Beica, 
HeB03MO)KHo 6wjio npeBpaTHTb KHCJiopoa b acejie30 hjih Bo^opoa, 
CKaxeM, b jihthh. HarpeBaHHe, OKarae, B3pbiB, nponycicaHHe 3jieK- 

TpHHeCKOrO TOKa — BCe 3TH npOUeCCbl MeHHJIH COeflHHeHHfl aTOMOB 

Meacjjy co6oii, ho caMH aTOMbi ocTaBajiHCb HeH3MeHHbiMH. 

TaK 6biJio, noKa He otkpmjih HecTaGmibHbie aTOMbi, noica He ot- 

KpbUIH HBJieHHe pa^HOaKTHBHOCTH. 

Pe3ep4)Op,a BMeCTe CO CBOHM COTpyUHHKOM COMH OTKpbUI cnoH- 

TaHHoe npeBpameHHe XHMHHecKHx 3JieMeHT0B. H3ynaH pa^HoaKTHB- 

Hbie 3JieMeHTbI, (J)H3HKH o6Hapy)KHJIH, 4TO npH pa^HOaKTHBHOM 

pacna^e mchhiotch CBOHCTBa aTOMOB — noHBjiaiOTCH HOBbie xh- 
MHHecKHe 3JieMeHTbi, KOTopwe OTcyrcTBOBajiH b nepBOHaHanbHOM 
BemecTBe. TaK 6mjio oTKpbiTO cnoHTaHHoe (caMonpoH3BOJibHoe) ^e- 
jieHHe hjih pacnaa aTOMOB. Atom ypaHa npn pacna#e Hcne3aeT h #aeT 
^Ba aTOMa: o^hh aTOM jiencHit (ajib(j)a-4acTHua) — 3to aTOM rejina, 

BTOpOH TJDKejIblH — 3TO aTOM TOpHH. ATOM TOpHH TOXe HBJIfleTCH 

HecTa6HjibHbiM oTHocHTejibHO pacna^a. 
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Ilo3^ce Pe3ep(J)op,n; h ero coTpy^HHKH nocrpoHjiH nepBbift ycico- 
pHTejib, Ha kotopom y^ajiocb npoBec™ ncicyccTBeHHoe pacmeroie- 
Hwe aTOMHoro 5mpa. B pe3yjibTaTe «o6cTpejia» MHiueHH, cocTonmeft 
H3 MeTajiJinqecKoro jihthh, ycKopeHHbiMH aTOMaMH BO^opo^a (npo- 
TOHaMn) , npoHcxo^Hjia aTOMHan peaiajHH — jihthh pacna^ajica, 
nopoagiafl £Ba aTOMa rejinn: 

7 Li + p^ 4 He + 4 He. 

Eme b KOHue npomjioro Beica, jio otkpmthh Pe3ep(j>op#a, Tom- 
coh oTKpbiji nepByio 3JieivieHTapHyio nacTHuy — ajieiopoH, a yate 
b HaineM BeKe caM Pe3ep(J)opA c coTpyaHHKaMH b pe3yjibTaie cbohx 

3KCnepHMeHTOB BblHCHHJIH, 4TO aTOM HBJIfleTCfl CJIOXHOH CTpyKTy- 
POH, COCTOHmeH H3 3JieMeHTapHbIX 4aCTMU (npOTOHOB h hcmtpohob). 

B 1932 r. Ha pojib 3jieMeHTapHbix HacTHu, (Tex «caMbix-caMbix») 
npeieHflOBajiH sjieicrpoH, npoTOH h HeifapoH. 

Cero^HH mm 3HaeM, hto TOjibKO 3jieKTpoH MO)KeT npeTeH^OBaTb 
Ha 3BaHwe 3JieivieHTapHOH Hacraubi, Tor#a KaK npoTOH h HeinpoH 
coctoht H3 wpymx 3JieMeHTapHbix nacTHU — KBapKOB. B HameM BeKe 

pyKH (j)H3HKOB 6bIJIH BOOpyHCeHbl MOIIJHblMH MaillHHaMH £JI5I HCCJie- 
flOBaHHH OCHOB MaTepHH — yCKOpHTeJIHMH 3JieMeHTapHbIX MaCTHU. 

YcKopHTejiH 6biJin Heo6xozi,nMbi (J)H3HKaM ajih Toro, hto6w paccivia- 
TpHBaTb Bee 6ojiee h 6ojiee MejiKHe MacuiTa6bi. ^ejio b tom, hto ajih 
HCCJie^OBaHUH MeHbuiHx MacuiTa6oB HeoGxoflMMbi Bee 6ojiee bhco- 
Kne 3Hepran. TaK, Hccjie^OBaHHe erpyicrypbi MOjieKyji (ee BHeuiHHX 

HaCTeM) MOXHO npOBO^HTb C nOMOIUbK) MMKpOCKOna, C nOMOUJbK) 

bh^hmoto CBeTa; zuia Hcarce^oBaHHH aTOMa BOflopo^a y^ce Heo6- 
xozjhmo Hcnojib30BaTb yjibTpa4)HOJieTOBbie JiyHH, (J)OTOHbi kotophx 
b HecKOJibKO pa3 6ojiee 3HeprH4Hbi, HeM ^otohm bhotmoto CBeTa, 

HX 3HeprHH COCTaBJIHeT HeCKOJIbKO 3JieKTpOHBOJIbT (3B). fljlfl HCCJie- 

aoBaHHH cTpyKTypw op6wT BHyTpeHHHx 3JieKTpoHOB b aTOMe, Hanpn- 
Mep, >Kejie3a, yace Heo6xo#HMo ncnojib30BaTb peHTreHOBCKHe Jiy™, 

3HeprHH KOTOpblX COCTaBJIHeT HeCKOJIbKO KHJI03JieKTpOHBOJIbT (K3B). 

B ^ajibHeftuieM npozjBH^KeHHH no iiiKajie 3Heprnw (|)H3HKaM no- 
modih caMH 3JieMeHTapHbie HacTHU — 3JieiapoHbi h npoTOHbi, koto- 
pbie MorjiH 6biTb ycKopeHbi b MamHHax 4>h3hkob (ycKopmejiax 3Jie- 
MeHTapHbix Hac™u) #o Mera3JieKTpoHOBOJibT (MsB), a Tenepb h rura- 

3JieKTpOHOBOJIbT (^B) H #a>Ke BnjIOTb HO Tepa3JieKTpOHOBOJIbT (TsB). 
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Ilo Mepe HapamHBaHHa moiijhocth ycKopHTejieft oTKpwBajincb 
Bee HOBbie 3HaHHH o dpyKType MaTepHH. BbuiH oTKpbiTbi MHorwe 
HOBbie HacTHUbi, KOTopwe, oflHaico, 6buiH HecTa6HJibHbiMH. rio3)Ke 

(J)H3HKH BblHCHHJIH, HTO BCe 3TH HaCTHUbl HBJIHIOTCH COCTaBHbl- 
MH — OHH npeflCTaBJIHIOT CB5I3aHHbie COCTOHHHH H3 HeCKOJIbKHX 

KBapKOB, a HeKOTopbie TaioKe h jiemoHOB. TaK npoTOH — npn- 

Mep 0#HOH H3 CaMblX JierKHX CHCTeM, COCTOHmeH H3 TpeX KBapKOB, 

aHTunpoTOH cooTBeTCTBeHHo coctoht H3 Tpex aHTHKBapKOB. Bojiee 
TH^cejioe o6i>e^MHeHHe Tpex KBapKOB Ha3braaeTCH HefnpoHOM, Hacra- 
aa y^ce hbjihctch HecTa6mibHOH , xoth BpeMH nojiypacna^a hbjihctch 
BnojiHe MaKpocKonHHecKHM, oho cocTaBJineT npHMepHo 10 MHHyr. 

HaCTHIJbl, KOTOpbie COCTOHT H3 Tpex KBapKOB, Ha3BaJIH GapHOHaMH. 

B ^ajibHeftuieM mm itocbhthm uejiyio rjiaBy 6apnoHaM bo BcejieHHoft, 
reHepaaHH 6apH03apn#a bo BcejieHHott. 

CaMbie jienaie KBapK h atrraKBapK <J>opMHpyioT ceMencTBo nn- 

OHOB, (j)H3HKH o603Ha4aiOT HX 7T + , 7T~ , 7T°. IlHOHbl HBJIHIOTCH 

HecTa6njibHbiMH HacTHaaMH, 6ojiee Toro, Bee ocTajibHbie cocTaB- 

Hbie HaCTHIJbl, KOTOpbie TO)Ke HBJIHIOTCH B036y>K£eHHbIMH COCTO- 
HHHHMH H3 KBapKOB, HCCTa6HJIbHbI. ECTeCTBeHHO, nHOHbl, KO- 
TOpbie COCTOHT H3 KBapKa H aHTHKBapKa, <OKHByT», noKa KBapK 

h aHTHKBapK He aHHHnuiHpyiOT. B 3aBHCHMOCTH ot rana KBapKa 
(h aHTHKBapKa cootbctctbchho) npo^yKTaMH pacnema 6y^yr 4>oto- 

Hbl H 3JieKTpOH HJIH n03HTpOH, COnpOBO^aeMbie aHTHHeHTpHHO HJIH 
HettTpHHO. 

Ceftqac KaH^H^aTaMH Ha pojib 3JieMeHTapHbix qacrau hbjihk>tch 
KBapKH, a TaioKe jienTOHbi. 

JlenTOHbi — 3to qacTHuw, KOTopwe He y^acTByioT b cHjibHbix 

B3aHMO^eHCTBHHX, B OTJIHHHe OT KBapKOB. 

<t>H3HKH, KOHe^HO, nOHHMaiOT, 4TO MO^KeT cymecTBOBaTb uejibiH 

CKpbiTbift noKa ot Hac ypoBeHb erpoeHHH MaTepHH. B 3tom cjiynae 
3jieMeHTapHbie Hacraubi KBapKH h JienTOHbi hbjihiotch cocTaBHbiMH 
o6pa30BaHHHMH, KOTopwe npe^cTaBjiHioT co6oh KjiacTepw 6ojiee 
^yH^aMeHTajibHbix nacnm. 

B Ta6ji. 6.1 npe^CTaBJieHbi 3JieMeHTapHbie qacTHUbi. EcrecTBeH- 
ho, 3JieMeHTapHbiMH ohh C4HTaiOTCH Ha coBpeMeHHOM ypoBHe 3Ha- 
hhh. TeM He MeHee, ohh y^oBJieTBopnioT noHHTHio «3JieMeHTap- 

HOCTb». OHH HBJIHIOTCH CTa6HJIbHbIMH H H3 HHX COCTOHT BCe OCTaJIb- 
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Hbie M3BecTHbie Hacraijbi. B 3tot cnncoK bxoaat KBapKH n jienTOHbi, 
KOTopwe o6i>eflHHeHbi b Tpn noKOJieHMH. 

Hame BemecTBo, npoTOHbi m HenrpoHbi, a Taoce xHMHHecKne 

3JieMeHTbI, KOTOpbie OHM COCTaBJI5IIOT, COCTOHT TOJIbKO H3 qaCTHIJ 

nepBoro noKOJieHna. 3to #Ba KBapKa — «BepxHHH» h «hh)khhh», 
3JieicrpoH h 3JieKTpoHHoe HCMTpuHo. OcTajibHbie qerape KBapKa, 
miooh h Tay-jienTOH, a TaioKe MiooHHoe hchtphho h Tay-HeinpHHO 

COCTaBJIHKDT BTOpoe H TpeTbe nOKOJieHHH 3JieMeHTapHbIX HaCTHU. 

IlepeHMCJiMM Bee 3jieMeHTapHbie Hacraubi. CymecTByeT uiecTb 

TMnOB KBapKOBj OHM Ha3bIBaiOTCH COOTBCTCTBCHHO «BepXHHM» M 
«HH)KHHM», «04apOBaHHbIH» H « CTpaH H bl H » , «t-KBapK» H «b-KBapK». 

CooTBeTCTBeHHO, HeftTpajibHbie JienTOHbi Ha3biBaioTCH «3JieKTpoHHoe 
HeHTpnHo», «MiooHHoe HCHTpHHo», «Tay-HeftTpnHO», a 3apa>KeHHbie 
jienTOHbi Ha3biBaioTCH «3jieKTpoH», «miooh» h «Tay-jienTOH». Pa3y- 
MeeTCH, Kax^aa H3 ynoMHHyTbix qaerau HMeeT aHTMnacTnuy. 

Bee nepenncjieHHbie sjieMenrapHbie Hacraubi o6jia#aioT nojiy- 
uejibiM cnnHOM. CnnHOBan xapaKTepncTMKa 3JieMeHTapHbix ^acTnu 
noaBMjiacb b KBaHTOBoft MexaHHKe — MexaHHKe, KOTopaa onncbiBaeT 

flBIDKeHHe M B3aHMO#eHCTBHfl B MHKpOMHpe. Bee ^aCTHIXbl flejIHT- 

ch Ha jxbq Gojibinne rpynnw. y o^hmx cnnH HBjineTCH nojiyuejion 

1 ^ 

BejinqMHott m j), y apyrnx — uejion (0, 1,2). 

HacTHUbi, oGjia^aiomne nojiyuejibiM cnnHOM, Ha3biBaiOTCfl 4>ep- 

MHOHaMH H nOOTHHHIOTCa CTaTHCTMKe, OTKpblTOH 3. OepMH. JXbq 

qacTMixbi He Moiyr 3aHHMaTb o^ho h to xe nojio^ceHne b 4>a30BOM 
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npocTpaHCTBe. TaFcne nacraubi hbjihfotch aHajioraMH TBep^wx Teji 
b KJiaccHHecKoft MexaHHKe. TBepawe Tejia Toace He MOiyr 3aHHMaTb 
o^ho MecTO b o6w4hom npocrpaHCTBe . 

B KJiaccHqecKoft (J)H3HKe cymecTByioT o6T>eKTbi, KOTopwe, oa- 
HaKO, Moiyr 3aHHMaTb o^ho mccto b npocTpaHCTBe. 3to, HanpHMep, 
3ByKOBbie BOjiHbi. JXbq bojihh pa3HOH HacTOTbi h aMruiHTy^bi Moryr 
oflHOBpeMeHHO npoxowTb o^Hy TOHKy npodpaHCTBa. Ohh, kohchho, 
B3aHMO^eHCTByioT. 3to B3aHMo,aeHCTBHe He MeuiaeT hm npoxoflHTb 
aaHHyio TOHKy, Taicoe B3aHMoaeHCTBHe Ha3biBaeTCH HHTep^epeHuneii 
bojih. Kaambift Ha6jiio^aji 3to HBjieHHe Ha npHMepe bojih, 6erymHx 
no Bo,ae ot KHJibBaiepa jio^kh hjih Kopa6jia. flBa uyra bojih Haxo^HT 
apyr Ha apyra, HHTep(J)epHpyioT h aBHraioTca #ajibine. 

AHajiora TaKHx o6i>eicroB cymecTByioT h b MHpe 3JieMeHTap- 
hhx Hacraij. Ohh Ha3biBaiOTCH 6o30HaMH, n ojxh h hh iotch CTaracra- 
Ke Bo3e — 3HHiiiTeHHa h hbjihiotch HacrauaMH c ijejibiM cnHHOM 
(0, 1, 2). Ohh o6ecneHHBaioT B3aHMo,aeHCTBHH Meacny jienTOHaMH 

H KBapKaMH. 

HaHHeM hx (6o30hob) nepenHCJieHHe c Hacrau, KOTopwe o6ec- 
neHHBaioT B3aHM0^etiCTBHe Meaqjy KBapKaMH. Ohh Ha3biBaioTCH tjiio- 
ohw, ot aHDiHHCKoro cjioBa «glue», hto o3HaqaeT KJien. BoceMb nno- 
ohob o6ecneHHBaK>T cymecTBOBaHHe a^epHbix chji, KOTopwe oaep- 
xHBaiOT KBapKH b npoTOHe h HettTpoHe, a TaK»ce, Ha 6ojiee bmcokom 
ypoBHe B036y»caeHH5i, npoTOHbi h HetnpoHbi BHyrpn aTOMHoro napa. 

Edb 6o30hh, KOTopwe Ha3HBaioT BHOHaMH, o6o3Ha4aa HX W* 
h Z. 3th 6o30hh o6ecne4HBaiOT cjia6bie B3aHMO^eftcTBHH b HauieM 
MHpe, ohh ynpaBjiaiOT /3 -pacna^oM aapa h HcnycKaHHeM HeihpHHO. 

Ootoh — cjicayiomHH npHMep 6o30Ha. Ootohm — HaH6o;iee 
H3BecTHbie H3 Bcex 3JieMeHTapHbix nacTHU. CBeT — 3to Ha6op (J)0- 
tohob, ohh nepeHocflT H3o6paxeHHe h 3ByK b HauiHx TejieBH3opax 
h pa^HonpHeMHHKax, ohh o6ecneHHBaioT ycTOHHHBOCTb 6HOMOJie- 
Kyji, a cjieaoBaTejibHO, Haumx opraHH3MOB. 

UraK, He3aMeTHO mh nofloinjiH k qacraijaM, KOTopwe o6ecne- 

HHBaiOT (J)H3HHeCKHe B3aHMOfleHCTBHJI. 

SjieicrpoflHHaMHKa onncbiBaeT 3jieKrpoMarHHTHbie B3aHMoaeft- 
ctbhh. Yaanocb o6i>eflHHHTb b o^Hy TeopHio onncaHHe 3jieicrpo- 
MaraHTHbix h cjia6wx B3aHMoaeHCTBHH, OTBenaiomnx 3a /3-pacnaa 
supa; Tenepb 3tot ran o6T>e a h h e h h wx B3aHMoaencTBHH (J)H3hkh 
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Ha3bIBaK)T 3JieKTpOCJia6bIM B3aHMO,aeHCTBHeM. HaCTHUbl, KOTopwe 

Hecyr «3apn,a» l ^ 3thx chji — jienTOHbi, B3aHM0,zjeftcTBHe nepeHO- 

CMTCH (J)OTOHaMH, -6030HaMM H Z-6030HaMH. riOBTOpHM, HTO 

JienTOHbi HMeiOT CIIHH, paBHblH j, (|)OTOHbI, W^GOSOHM H Z-6030- 
Hbl HMeiOT CIIHH, paBHblft 1. 

H^epHbie chjiw noKa He yaajiocb o6i>e^HHHTb c 3JieKTpocjia- 
6hm B3aHMO^eHCTBHeM; TO^Hee, TeoperanecKHe cxeMbi o6T>e,aHHe- 
hhh HanncaHbi, ho bot npoBepwTb hx 3KcnepHMeHTajibH0 noKa 

HeB03MO^CHO. flflepHbie CHJIbI Ha3bIBaiOT TaiOKe KBaHTOBO-XpOMOflH- 
HaMHHeCKMMH B3aHMOfleHCTBHHMH. 

3apHfl XpOMOflHHaMHHeCKHX B3aMMOaeMCTBMH «cnpHTaH» b KBap- 

Kax, oh Ha3biBaeTCH b otjihtoc ot 3JieKTpH4ecicoro UBeTOBbiM 3apa- 
rom, a caMH BsaMMoaeftcTBMa nepeHocaTca rjiiooHaMM, qacraijaMH, 

KOTOpbie HMeiOT cnHH 1. 

YcnexH oG-be^HHeHHa cjia6bix h 3JieKTpo\iarHHTHbix B3aHMO- 
.aeHCTBHH no6yaHJiH (J)H3hkob HCKaTb 6ojiee o6mne TeopHH, o6i>e#H- 
HHiomne TaiOKe h xpoMO£HHaMH4ecKoe B3aHMO,aeftcTBHe. Bh^hmo, 
oflHa H3 TeoperaHecKH bo3moxhmx cxeM o6i>eflHHeHHH 3Jiejcrpo- 
cjia6oro h xpoMOflHHaMHHecicoro B3aHM0,n;eHCTBHH 6yaeT ,aoKa3aHa 
b 6ynymeM. 

OcTaeTCH eme o#ho B3aHMO,aeHCTBHe, c Hccjie^oBaHHH KOToporo 
Ha^ajiacb coBpeMeHHaa (|)H3HKa h KOTopoe noKa He yaaeTca BKjnoHHTb 
b oG^caHHeHHyio cxeMy. 3to rpaBHTaunoHHoe B3aHMo^eHCTBHe . «3a- 
pa^OM» rpaBHTauHOHHoro B3aHM0^eHCTBHH ABjiaeTca Macca — caMoe 
yHHBepcajibHoe cbohctbo MaTepHH. llepeHocHHKOM B3aHMO^eHCTBHa 
HBJiaeTCH rpaBHTaunoHHoe nojie — MeTpmecKoe nojie, onucbiBaeMoe 
TeH3opoM BToporo paHra h o6jia^aiomee cnwHOM 2. 

B MH0r04HCJieHHbIX nOnblTKaX 06l>eflHHeHHH pa3JIHHHbIX B3aH- 
MO^eHCTBHH B e^HHyK) TeOpHK) B03HHKaK>T flOnOJIHHTeJIbHbie nOJIH 

h qacraubi, KOTopwe HHKor,aa He Ha6jno#ajiHCb b npHpo^e. TeM 
He MeHee, ycnexn o6T>eflHHeHHH 3jieKTpocjia6bix B3aHMO^eficTBHH 
h onHcaHHH xpoMOflHHaMHHecKHx B3aHMoaeHCTBnft 3acTaBjiaK)T Hac 

npH3HaTb MOLUb MeTO^OB, KOTOpbie flJIH 3TOrO HCIIOJIb30BaJIHCb — 

^ Cjiobo 3apan b aaHHOM MecTe o6o3Ha4aeT kslk o6bi4HMH sjieicrpHHecKHH 3apazi, 
kotopbih HeceT 3JieKTpoH, Tax h HHwe 3apaabi, KOTOpbie HecyT JienTOHbi jxpymx 

THI10B. 



Hto TaKoe cKa/tfipHoe noAe? 
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npHHunnbi cHMMeTpwH b onHcaHHM B3anMO,zieHCTBHM. lloflpo6Hee 
06 3tom 6yaeT HanwcaHO qyrb hhxc 

Pa3BHBaa 3tot no#xo,a K 06T>e^MHeHHK) 3JieicTpocjia6bix H xpoMO- 
AHHaMHHecKHx B3aHM0,aeHCTBHH b eflHHyio cxeMy, 4>h3hkh nojiynaioT 
MHoro .aono^HMTejibHbix nojieft m qacTMu. 

O^hhm H3 caMbix BaacHbix, KOTopoe noflBjiHeTCH b jiio6bix cxeMax 
o6T>e,aMHeHHH, hbjihctch dcajiapHoe nojie. 

Hto TaKoe CKaxupHoe noAC? 

TeopMfl MH(J)JIHUMH npeflCTaBJIHeT H3 Ce6H CMHTC3 4>pH,ZlMaHOB- 
CKOH KOCMOJIOrMH C IipMHUMIIHajIbHO HOBbIM ypaBHCHHCM COCTOflHHH 

MaTepHH. 3to ypaBHeHHe coctohhhh TMna 4>ajibiiiHBoro BaKyyMa. 
BpeMH, Koraa ^OMHHHpoBaji 3tot bhjx MaTepHH, Ha3biBaeTCH 3noxoft 

^OMHHHpOBaHHH CKaJIflpHOrO IIOJIH, a TaK^Ce HH(J)JI5mHOHHOH 3nOXOH. 

CicajiHpHoe nojie — 3to nepBoe none, KOTopoe noHBHjiocb b (|)h- 
3MKC. Bbcjih ero oth onncaHMH rpaBHTauwH. riojie o6jiaaano yHHBep- 
cajibHbiM B3aHMO,aeHCTBHeM, cKopocTb pacnpocTpaHeHHH KOToporo 
paBHfljiacb 6ecK0HeHH0CTH. Yace b HameM BeKe 6bijio noKa3aHo, 
4to rpaBHTauHOHHoe nojie onwcbiBaeTCH apyrHMH BejiHHHHaMH. JXsin 
onHcaHHH rpaBHTauHH CKajiapHoe nojie He npHroflHJiocb. 

HfleH, OOTaKO, He yMepjia. CKajrapHoe nojie «BocKpecHJi» nnoH- 
ckhh 4>h3hk X. K)icaBa. Oh npcanojioxcwji, 4to aaepHbie B3aHMO#eii- 
ctbhh onncbiBaioTCH CKajiflpHbiM naneM, KOTopoe o6jiaaaeT Maccon. 
HajiHHHe MaccoBoro HJieHa, KaK roBopaT (|)H3hkh, npHBOflHT k TOMy, 
4to 3(|)(|)eKTHBHbiH pa^Hyc B3aHMo^eiiCTBHH onpeaejiaeTca MacuiTa- 
6om, o6paTHO nponopuHOHajibHbiM Macce noun: 

, 100M3B _ 13 
lx 10 13 CM. 

TO 

Oh3hkh Ha3BajiH nacTHUbi 3Toro nojiH Me30HaMH. H3 napa- 
MeipoB *mepHbix B3aHMoaeftcTBHH y^anocb onpeaejiHTb Macurra6 
B3aHMo^eftcTBHH, a, c^e^oBaTejibHo, Maccy qacrau, KBaHTOB no- 
jifl. fleiicTBHTejibHO, BCKope, npH 3KcnepHMeHTax Ha ycKopmejiax, 
nacTHUbi c npe,acKa3aHHOH Maccott 6buiH o6HapyxeHbi. Ho ohh 

He HBJIHJIHCb nepeHOCHHKaMH HflepHblX B3aHMO^eHCTBHH! HeCKOJIb- 

ko no3xe «npaBHJibHbie» 4acTHUbi 6buiw oncpbiTbi. Ohh nojiynmiH 
Ha3BaHwe 7r-Me30HOB. 
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QzjHaKo, 7r-Me30Hbi He 6mjih KBaHTaMM cKajiapHoro nojia. Ohm 
6hjih KBaHTaMH nceB^ocKajiapHoro nojia. OiJimut o^Horo nojra 
ot apyroro b tom, hto npn npocTpaHCTBeHHOM oTpa^KCHHH cKajiapHoe 
nojie He MeHaeTca, a y nceB^ocKajiapHoro nojia MeHaeTca 3HaK. 

O CKa^apHOM nojie 3a6bijiH. Ho HeHa^ojiro. Oho BepHyjiocb, 
Koraa 4)H3hkh HanajiH pa3pa6aTMBaTb (J>yHflaMeHTajibHbie Bonpocbi 
ajieMeHTapHbix nacrau, ajih onncaHHH coctohhhh MaTepHH npn 
3HeprnHx, npeBbiuiaiomHX ~ 100 TaB. 

PaccKaxeM HeMHoro 06 3tom. 

llepeHOpMHpOBKH B TCODHH 3ACM6HTaDHblX H3CTHU 

■ ■ ■ ■ ■ — ■ 

OcHOBHbie H^eH KBaHTOBOH MexaHMKM OKa3aJIHCb HaCTOJIbKO 

yHMBepcajibHbiMH, 4to (|)H3hkh ajih npaBHjibHoro onucaHHH npwpo- 
flbi 6mjih BbiHy^eHbi co3^aBaTb KBaHTOByio Teopnio nojia. BHa^a^e 
6bijia C03,aaHa KBaHTOBan Teopna ajieicrpoMarHHTHoro nojia, fiohbh- 
jiocb noHHTwe (jxrroHa — KBaHTa 3JieKTpOMarHHTHoro H3Jiy4eHHH. 

O^HOBpeMeHHO C C03,aaHHeM KBaHTOBOH TeOpHH 3JieKTpOMarHHTHO- 
rO nOJIH H 3JieKTpOMarHHTHbIX B3aHMO^eHCTBHH B 4>H3HKe nOHBH- 

jiocb noHHTHe $H3HqecKoro BaKyyMa — Mopa BHpTyajibHbix nacrau. 

B OTJIHHHe OT BHpTyaJIbHOH peaJIbHOCTH CerO^HHLUHHX KOMIlblOTepOB 
3TH BHpTyajIbHbie 4aCTHUbI npOHBJIHJIH Ce6fl HeCKOJIbKO CTpaHHbIM 
06pa30M. OHH KaK 6bl H He B3aHMO,aeHCTBOBaJIH C BHeiUHHM MH- 

poM, nepeonpe^ejina TOJibKO Maccbi 3JieMeHTapHbix 4acTHu, 3apanbi 
m co6dBeHHbie MOMeHTbi 2 ^ EcTb, npaB^a, eme o^ho cbomctbo 
y 3Toro BaKyyMa. B Ka:*cnoH T04Ke (J)H3H4ecKoro npocrpaHCTBa-Bpe- 
MeHH co,aep)Kajiocb 6ecK0He4H0 MHoro BHpTyajibHbix 4acrau h Bee 

OHH BeCHJIH 6eCKOHe4HO MHOrO. 3TO TOJI^CHO 6bIJIO npOHBJIHTbCH 

b BH,ae rpaBHTauHOHHoro B3aHMO#eHCTBHH, BaKyyM AOJixeH 6wji 

BeCHTb 6eCKOHe4HO MHOrO. IloCKOJIbKy 3TOrO B3aHMO^eHCTBHH HH- 

kto He Ha6jiK)AaJi, to npo6jieiviy 6ecKOHe4HOH Maccbi jih6o o6xoahjih 

M0JI4aHHeM, J1H60 npnrOBapHBaJIH, 4TO OHa He HBJIfleTCH (|)H3H4eCKOH 



3anoMHMM )io. nepeonpe/jejieHHe Maccbi, 3apafla h MOMCHTa 03Ha4aeT, hto 

KOHCTaHTbl K.iaCCHMeCKOH (J)M3MKM MCHHKDTCH, XOTfl 6bl H nOfl B03^eHCTBHeM HeKOrO 

3(J>eMepHoro nakyyivia. 
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h, KOHe^HO, 3Ta npo6jie\ia 6yaeT peuieHa b 6yaymeft <j)H3HHecKOH Te- 
opHH. OroBopHMca cpa3y, hto 3aMOjmaTb 3Ty npo6jieMy He yaajiocb, 
h cero^HH oHa HBjraeTCH npo6jieMOH HOMep o^hh TeopeTH^ecKOH 
<J)H3hkh 3JieMeHTapHbix HacTHij. Ee TaioKe Ha3biBaioT npo6jieMOH 
^HHaMMHecKOH reHepauHH jiHM6,aa-4jieHa. 

B TeopHH KBaHTOBOH 3JieKTpOflHHaMHKH flJIH BHHHCJieHHH MaC- 

cbi h 3apaaoB 3jieMeHTapHbix nacTHij;, mropbie hbjihiotch napaMe- 
TpaMH B3aMMoaeftcTBMH, npnayMajm npoue^ypy nepeHopMHpoBKH, 
KOTopaa no3BOjiajia nojiynaTb KOHe^Hbie oTBeTbi npn BHHHCJieHHHX 

C 6eCKOHeHHbIMH BeJIMHHHaMH. 3TO 6bIJI TpMyM(J) KBaHTOBOH 3JieK- 
TpOflHHaMHKH! 

OflHaKO, yxe K MOMeHTy C03,aaHHH KBaHTOBOH 3JieKTpO^HHa- 
MHKH, T. e. KBaHTOBOH TeopHH 3JI6KTpOMarHHTHbIX B3aHMO,0,eHCTBHH, 

6buio H3BecTHO yace, no KpaHHeii Mepe, eme Tpn 4>yH,aaMeHTajibHHx 
B3aHM0^eHCTBHH. IlepeHHCJiHM hx. 3to npeac^e Bcero rpaBHTaijHOH- 

HOe B3aHMOfleHCTBHe. 3T0 B3aHMO,aeHCTBHe 6bIJIO H3B6CTHO flaBHO, 
3aflOJirO RO OTKpblTHH KBaHTOBOH TeopHH H flaate 3JieKTpOMarHeTH3Ma. 

B jxBajmaroM bqkq CTajio H3BecTHo eme ^Ba BsaHMo^eHCTBHa: cjia6oe 
h cHjibHoe. Cjia6oe B3aHMO^,eHCTBHe OTBeTCTBeHHo 3a peaKUHH c yna- 

CTHeM HeHTpHHO — HCBeCOMOH HaCTHIJH, KOTOpafl B3aHMO#eHCTByeT 
C OKpyxaiOmHM BemeCTBOM HaCTOJIbKO cjia6o, HTO MOXeT npOHHK- 

Hyrb CKB03b 3eMJiio, hh pa3y He npoB3aHMoaeHCTBOBaB c aTOMaMH 
3eMJiH. CnjibHoe B3aHMoaettcTBHe — 3to 5mepHbie chjih, Te chjih, 
KOTopwe caep^KHBaioT npoTOHbi h HeihpoHbi BHyrpn aapa. Hjspo CTa- 

6HJIbHO, HeCMOTpH Ha TO, HTO BCe npOTOHbl HMeiOT nOJIO^CHTeJIbHblH 

3apaa h aojdkhh 6buiH 6w b oTcyrcTBHe aaepHbix chji pa3JieTeTbca 
b pa3Hbie CTopoHbi. 3Ty cra6HJibHocTb o6ecneHHBaioT aaepHbie chjih. 

B 3JieKTpo^HHaMHKe 6buio BBeaeHO noHHTHe 3apaaa — hochtc- 
jihmh 3ap*ma 6buiH 3JieMeHTapHbie nacTHUH — sjieicrpoHH (oTpnija- 
TejibHbift 3apm) h npoTOHbi (nacTHUbi c nojioacHTejibHHM 3apaaoM). 
npoTOHbi h 3^eKrpoHbi o6jiaaajiH Maccoft; Macca 3JieicrpoHa cocTa- 
BjiHjia — 0,5 MsB, Macca npoTOHa — 1 TsB. FlepeHoc chji o6ecnenH- 
BajiH 6e3MaccoBbie nacTHUbi — 4)otohh. Chjih nponopuHOHajibHH 
K0JiH4ecTBy 3ap5moB, npnMO nponopuHOHajibHH HHCJiy 3jieicrpoHOB 
h npoTOHOB. FIpHMaa nponopuHOHajibHocTb B03HHKaeT, nocKOJibKy 
3jieKTpo^HHaMHKa — jiHHeftHaH TeopHH. Chjih, o6jia,aaiomHe apyroft 
npHpo^oH — HejiHHeHHbie. 



94 



TAasa 6. Oki3kiKa BAeMemapHbix nacTMU m KOCMOAornq 



B H^epHbix CMjiax tskhmm 3apa,aaMH hbjihiotch KBapKH, a chjim 
nepeHocaTca nnooHaMH. 3ap5m b aaepHbix B3aMMoaeHCTBnax Ha3bi- 

BaeTCH He 3JieKTpH4eCKHM, a IJBeTOBbIM, a CaMM B3aHMO#eHCTBHfl 

Ha3biBaK)TCH xpoMO^HHaMHHecKHMM; TaK ace 6yaeM Ha3biBaTb hx 
h flajiee, nocKOjibKy TepMHH «5mepHbie B3aHMoaeHCTBHH» Ha caMOM 
^ejie HBjiaeTCH onHcaiejibHbiM h HMeeT 6o;ibine HCTopH4ecKoe 3Ha4e- 

HHC B 0TJIH4HH OT 3JieKTpOflHHaMHKH TeopHH fl^epHMX B3aHMO#eH- 

ctbhh — HejiMHeimafl TeopHH. Diiooh — aHajior (J)OTOHa b 3JieKrpo- 

^HHaMHKe — MOXeT B3aHMO^eHCTBOBaTb CaM C C060H, IIOCKOJIbKy 

oh HeceT uBeTOBofi 3apw. KBapKH h miooHbi o6jiaaaK>T Maccott. 

B TeopwH cjia6wx B3aHMo^eftcTBHH aHajioroM 3jieicrpoHOB HBJia- 
iotch HeftTpHHO, a aHajioroM 4>otohob — 4acTHijbi, KOTopwe Ha3biBa- 
K)T W ± -6o30Hbi h Z-6030HM. 3to MaccHBHbie, 3apaxeHHbie4acTHUbi 
c MaccoH, paBHOH npHMepHo 100 TsB. 

IlpH pa3pa60TKe KBaHTOBOH TeopHH CJia6bIX B3aHMO#eHCTBHH 
H KBaHTOBOH XpOMO^HHaMHKH BblflCHHJIOCb, 4T0 XOpOUIO pa3pa60- 

TaHHan b KBaHTOBOH 3JieKTpo^HHaMHKe npoue^ypa nepeHopMHpoBKH 
b 3thx TeopHnx He pa6oTaeT. 

OcHOBHan npn^HHa Heyua4H 3aKjno4ajiacb b tom, 4to Hacra- 
uw — nepeH0C4HKH B3aHMO#e hctbhh — o6jiatfajiH Maccoft. 

MexaHH3M Xrnrca, hoboc cKaA$ipHoe noAC 

fljiH peuieHHH 3toh npo6jieMbi 6hji npn^yMaH MexaHH3M ^HHa- 
MH^ecKOH reHepauHH Mace 3JieMeHTapHbix nacTHu. Oh 6mji Ha3BaH 
no HMeHH (J)H3HKa-TeopeTHKa, kotophh ero npH^yMaji. Cennac (|)h- 
3hkh Ha3biBaioT ero MexaHH3MOM Xnrrca. 

OcHOBHan Jiexamaa b npoueaype #HHaMH4ecK0H reHe- 

pauHH Maccw, 3aKJiio4aeTCH b npeflnojioaceHHH o tom, hto nojin 
B3aHM0^eHCTByioT HejiHHettHo, 4to 4acraua, H3Ha4ajibH0 6e3Mac- 
coBan, npHo6peTaeT Maccy H3-3a B3aHMO^eHCTBHH c KOH^eHcaTOM 
HeKOToporo CKajiapHoro nojia. 

KoH^eHcaT CKajiapHoro nojra — 3to cneijHajibHbiH TepMHH, 

KOTOpblH nOHBHJICH B (|)H3HKe nOCJie C03^aHHH KBaHTOBOH TeOpHH 
nOJIH. OH3HKH BblHCHHJIH, 4TO BCe 3JieMeHTapHbie 4aCTHabI M02CH0 

pa36HTb Ha #Be 6ojibuiHe rpynnw, pa3flejieHHbie no BejiH4HHe cnHHa. 
KaK yace ynoMHHajiocb, o^hh 4acTHUbi o6jia^ajiH uejibiM cnHHOM 



MexaHM3M Xwrca, hobo€ ckqajiphoc noAe 
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h Ha3biBajiHCb 6o30HaMH, BTopwe o6jiaaajiM nojiyuejibiM ciihhom 

H Ha3bIBaJIHCb (J)epMHOHaMH. 

FIpH B3aHMO^eftcTBHHx Ka^biH 4>epMHOH 3aHHMaji «cbok) no- 
jio4Ky». Ohm o6n3aTejibHO ^ojdkhh 6mjih OTJiwqaTbCH no cbomm xa- 
paicrepHCTMKaM: jih6o 3HepreTH*jecKHM, jih6o npocTpaHCTBeHHbiM. 
JIbb, 4>epMHOHa c o^HHaKOBbiMn HMnyjibcaMH, CKa^ceM, He modih 3a- 
HHMaTb o^HHaKOBoe nojioaceHHe b 4>a30BOM npocTpaHCTBe. Oa30Boe 
npodpaHCTBO b oTjiHHue ot o6biHHoro aonojiHeHO eme xapaicrepH- 

CTMKaMH 3HeprHH HaCTHUbl. 

Hao6opoT, B3aHMOfleHCTByiomHe 6030HH cTpeMHTca 3aHHTb oa- 
ho nojioacemie b qba30BOM npocTpaHCTBe h o6jia#aTb oaHHaKOBbiMH 
3HepreTH4ecKHMH xapaicrepHCTHKaMM . Oh3hkh tobopht, hto o6pa- 

3yeTCH 6030HHbIH KOHfleHCaT. 

KoHfleHcaT CKajrapHoro nojra no bccm ochobhwm xapaicrepM- 
craKaM no,zjo6eH BaKyyMy BHpTyajibHbix nacTwu. rio3TOMy oh Ha- 
3biBaeTCH cocTOHHneM BaKyyMa CKajrapHoro nojia. CaMO nojie — 
HejiHHeHHoe, oho B3aHMoaeftcTByeT caMo c co6oh h noTeHunajibHaji 
3Heprn» B3anMO#eHCTBHH b 3aBHCHMoc™ ot BejiHHMHbi nojiH npefl- 
CTaBjraeT cjioacHyio 4>yHKUHio. Ha puc. 6.1 noKa3aHa 3aBHCHMocTb 
3Heprnn cicajrapHoro nojra ot BejiHHHHbi nojia. 



06paTHM BHHMaHHe, HTO rpa^MK 3aBHCHMOCTH V(<p) MMeeT RBC 

TO4KH, b KOTopwx KacaTejibHaa k rpa<j)HKy napajuiejibHa ropH30H- 
TajibHoft och: nepBan TOHKa 0 = 0, BTopaa 0 = 0 O . 

y (jM3H4ecKoro coctohhmh, KOTopoe onncbiBaeTCH noTemjH- 
ajibHoft 3Heprneii TaKoro Tnna, ecTb #Ba coctohhhh paBHOBecun. 



V 




Pmc. 6.1. rpac))MK noTeHUH- 

QAbHOM 3HeprMM CKaAflpHO- 
rO nOAfl B 38BMCMMOCTM 
OT BCAMHMHbl CaMOrO nOAfl. 
DO BCpTkl Ka AbHOM OCM OT- 

AOxeHa BeAMHMHa noTeHUM- 
aAbHOM 3Heprnn, no ropn- 

30HTaAbHOM OCM — BeAMHM- 
Ha noAfl 
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OflHO HaXO^MTCH IipH (f> = 0 H HBJiaeTCH HeyCTOHHHBbIM COCTOHHHeM 
paBHOBeCHH, a BTOpoe — npH (f) = 0o H aBJiaeTCa yCTOHHMBblM COCTO- 
HHHeM paBHOBecHH. XopouiHM aHajioroM COCTOHHHH (j)H3HHeCKOrO 

nojia 3^ecb aBJiaeTCa cocroaHHe uiapHKa, nojioaceHHoro Ha acejio6 
TaKOH >Ke 4>opMbi, xaK h noTeHunaji CKajiapHoro nojia. Jlexa tohho 
Ha BepuiHHe >Kejio6a b tohkc 0 = 0, mapHK MoaceT Haxo^HTbca 

B nOKOe, HO 3TO COCTOHHHe paBHOBeCHH HBJIHeTCH HeyCTOHHHBbIM. 

flocTaTOHHO cjierKa CflBHHyrb mapHK hjih nozuojiKHyrb ero, KaK oh 
HaHHCT CKaTbiBaTbca no acejio6y k npaBOMy hjih jieBOMy coctohhhio 
paBHOBecHH. flocTHrayB MHHHMyMa, mapHK noKaTaeTca h ociaHO- 

BHTCa H3-3a TpeHHH C nOBCpXHOCTbK) )KeJI06a. 3T0 flOBOJIbHO TOHHaa 

KapTHHa 3BOJHOUHH CKajiapHoro nojia b KOCMOJiorHH. K Heft mm 
BcpHCMCH no3^ce, a ceftnac fljia Hac TOJibKo BaatHo, hto MHHHMyM 
noTCHixnajibHOH 3HeprHH CKajiapHoro nojia Haxo^HTca npn 0^0. 
OH3HqecKoe nojie, onncbiBaiomee, HanpHMep, W + -6o30H, B3a- 

HMO^eHCTByeT C 3THM CKxUIHpHblM nOJieM. B3aHMO^eHCTBHe 3TO He- 

jiHHeiiHoe, npnneM BejiHHHHa CKajiapHoro nojia HrpaeT pojib Maccbi 
nojia W + -6o30Ha. Ecjih 3HeprHH nojia BejiHKa (b Haiueft MexaHHqe- 
ckoh aHajiorHH 3to cooTBeTCTByeT cjiy^aio, Kor^a mapHK o6jia#aeT 
o^eHb 6ojibiuoH CKopocTbio h «CKa<ieT» no ereHKaM xejio6a, He onyc- 
Kaacb Ha mo), to cpe^Hee 3Ha4eHHe CKajiapHoro nojia paBHO Hyjiio. 
3to 03HanaeT, hto cpe^Hee 3HaHeHHe Maccw W + npn bmcokhx 
3HeprHHX BsaHMOfleftcTByiomHx HacTHu paBHO Hyjiio. Koraa 3Heprwa 
mapHKa cTaHOBHTCH MeHbiue bwcotw noTeHijHajia npn 0 = 0, oh 
«CKaHeT» b npaBOH hjih jieBoft aMKe noTeHunajia. Cpe^Haa bcjihhh- 
Ha CKajiapHoro nojra npn 3tom He paBHa Hyjiio, W ± - h Z-6o30hh 
npHo6peTaiOT Maccy. 

3tot MexaHH3M h 6bui Ha3BaH MexaHH3MOM ^HHaMHHecKoft re- 
HepauHH Maccw. Ilpn Majiwx 3Hepraax B3anMOfleftcTByioiuHX Hacraa 
hx Maccw o6ecne4HBaK)TCH cpczmeft bcjih^hhoh CKajiapHoro no- 
jia, npn noBbiiueHHH 3HeprHH Maccw HC4e3aioT. FIpH 3tom Macca 

HaCTHUbl CTaHOBHTCa (J)yHKUHeH 3HeprHH B3aHMO^eHCTByiOmHX na- 

cthii; h Ha^HHaeT pa6oTaTb npoijcuypa nepeHopMHpoBKH, no3BOJiaio- 

Ujaa T04H0 paCCHHTaTb OCHOBHbie XapaKTepHCTHKH B3aHMOfleHCTBHH 
HaCTHU. 

Ilocjie 3Toro MHorne 4)H3H*iecKHe KOHCTaHTbi, KOTopwe b KJiac- 

CHHeCKOH (J)H3HKe paCCMaTpHBaJIHCb KaK MHpOBbie KOHCTaHTbi, CTajIH 



MexaHM3M Xwrca, HOBoe CKaAapHoe noAe 



paccMaipuBaTbCH KaK HeKOTopbie bcjikhmhw, KOTopbie reHepnpyioTca 

^HHaMMHeCKHM CnOC060M. B 4aCTHOCTH, KOHCTaHTbl CBH3H, onwcbi- 
BaiOmHe pa3JIH4Hbie B3aHMOfleHCTBHa, CTaJIH paccMaipMBaTbCH KaK 
(J)yHKUHH 3HeprMH. 

Hto TaKoe KOHdaHTa cbh3h? 3ia BejiHHHHa, noKa3biBaiomaa, 
c KaKoft sHepraeft B3aHMoaeHCTByioT ^Be HacTHijbi c 3a#aHHbiMH 
napaivieTpaMH. CKaateM, b a^pe He 4 aneKTpuqecKaa 3Hepraa ot- 

TaJIKHBaHHH flBJfX npOTOHOB COCTaBJIHeT ~ 1 MaB, b to BpeMa KaK 

a^epHaa 3Heprna cb»3H, paccHHTaHHaa Ha 0£hh hykjioh (npoTOH 
hjim HettTpoH), codaBjiHeT ~ 7 MaB. 3to, Bnpo4eM, He TOJibKO xa- 

paKTepMCTHKa flByX KOHCTaHT CBH3H (3JieKTpOMarHHTHOH KOHCTaHTbl 
H KOHCTaHTbl CBH3H CHJIbHOIX) HJIH XpOMOflHHaMHHeCKOrO B3aHMO- 

AewcTBHH), ho Taoce h xapaicrepHCTHKa HejiHHeftHbix s^eicroB 

B flflepHblX B3aHMO^eHCTBHHX. 

KOHCTaHT CBH3M H3BCCTHO HeTbipe, no HHCJiy B3aHMO^eHCTBHH. 
3T0 3JieKTpOMarHHTHaH KOHCTaHTa CBH3H HJIH QL em = jyj , KOHCTaH- 

Ta cjia6oro B3aHMOfleftcTBHa a w , KOHCTama CHjibHoro B3aHMO^eft- 

CTBHH a 8 H KOHCTaHTa ipaBHTaLJHOHHOrO B3aHMO^eftCTBH5I. 

KOHCTaHTbl CBH3H TO)Ke 3aBHCflT OT 3HeprHH HaCTHIJ, KOTOpbie 

ynacTByiOT bo B3aHMO,aeHCTBHax. 3aBHCHT ohh, npaB^a, no pa3HOMy. 

3jieKTpOMarHHTHaH KOHCTaHTa CB5I3H yBeJIHHHBaeTCH (xoth H mqr- 

jieHHo), Koma 3Heprwa B3aHMO,a,eHCTByiomHX nacTHU pacTeT. JXbq 
Apyrae KOHCTaHTbl cb»3H a w w a 8 yMeHbiiiaioTca. Bee Tpn KOHCTaH- 

Tbl c6jIH^CaK)TCa H CpaBHHBaiOTCa, KOr^a 3HeprHH B3aHMOfleHCTBHa 

CTaHOBHTca paBHoit npHMepHO 10 15 TsB. 

3T0 03HaqaeT, 4T0 BCe TpM B3aHMOfleHCTBHa CTaHOBHTCH He- 

pa3JiH4HMbi. TaK o6pa3yeTca e^HHoe B3aHMOfleftcTBHe, hto 03HaqaeT 
o6i>eOTHeHHe Tpex ^yH^aivieHTajibHbix B3aHM0#eHCTBHH. 

KoHe^HO, 3to Bcero jiHiiib noKa TeoperanecKaa Moaejib onw- 
caHHa npupo^w. CKopee Bcero Ta nepBaa Moaejib, KOTopaa 6bijia 
pa3BHTa (})H3HKaMH flacopzpKH h Di3iiioy h Tenepb Ha3bmaeTca SU(5) 
(HHor^a Taicxe 3Ta Mo^ejib Ha3biBaeTca GUT), HeBepHa. TeoperaHe- 
ckhh aHajiH3 Mo^ejiH h nonbiTKH ee 3KcnepHMeHTajibHoft npoBepKH 
b o6jiac™ HH3KHX 3HepniH (HMeiOTca b Bimy nonbiTKH onncaTb 
pacna# npoTOHa) noKa3biBaioT, hto 3Ta MO^ejib npoTHBopeHHT 3kc- 
nepHMeHTajibHbiM ^aHHbiM. 
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KaK ycTpoeHbi B3aHMO#eiiCTBHH npn bhcokhx 3Heprnnx (b o6jia- 
cth 3HeprwH 10 15 TsB hjih Bbiuie), hhkto noica He 3HaeT. OflHaKO, 
TeopeTH4ecKan Mo^ejib dojib yGe^HTejibHa, hto 6ojibuiHHCTBo (j)H3H- 
kob Mcnojib3yioT mien, 3ajioxeHHbie b MOflejrax GUT, &jra co3flaHna 
HOBbix, 6ojiee cjio^chwx MQaejien, Koxopbie, kohchho, Jiynine onn- 

CblBaiOT B3aHMOflettCTBHH. 

y Bcex hhx ecTb o^ho o6mee cbohctbo. 3to cbohctbo flHHa- 
MHHecKoft reHepauMH Maccbi nacTHU, 3TO Hajinqne cKajiapHoro nojia 

C HeCKOJIbKHMM yCTOHHHBblMH H TaiOKe HeyCTOHHHBblMH COCTOHHH- 
HMH paBHOBeCMH. 

EcTb, o^HaKO, o^ho cymecTBeHHoe oranHne. Yace b nepBOH 
MOflejin BbicoTa noTeHUHajia b o6jiacTH HeycToiteHBoro coctohhhh 
paBHOBecH5i npn 0 = 0 (cm. pmc. 6.1) 6wjia 3Ha4HTejibHO Bbiuie, 
HeM b noTeHUHane Xnrrca b cTaHaapTHOH 3JieKTpocjia6oH Teopnn 
nojia. BejiHHHHa noTemjHajia cooTBeTCTBOBajia SHepnm nopaaKa 
E « 10 14 TsB. B coBpeMeHHbix MO^ejiax, KaK MHor^a roBopHT 
4)M3hkh «Bcero Ha CBeTe», 3HaqeHHe noTeHijMajia, npn kotopom 
HacTynaeT oG^eflMHeHHe Bcex $yHflaMeHTajibHbix B3an m o,a,e hctb h h , 
3HaHHTejibHO OTJiHHaeTca ot 3toh BejiHHHHbi, npn^eM, KaK npaBHjio, 
b cropoHy GojibuiHx 3HaHeHHft SHepratt. 

OopMa noTeHUHajia CKajiapHoro nojia b pa3Hbix Moaejinx TaiOKe 

HBJIHCTCH pa3HOH. IlOTeHUHajI M02CeT HMeTb HeCKOJIbKO yCTOMHH- 
BblX MHHHMyMOB, HCCKOJIbKO HeyCTOHMH BblX COCTOHHHH paBHOBCCHH 

h t. n. 

O^HaKo, oGcy^eHMe pa3Hoo6pa3Hbix MO^ejieH B3aHM0#eH- 
ctbhh b (J)H3HKe 3JieMeHTapHbix Hacrau 3aBeaeT Hac cjihiukom aa/ieKo 
b dopoHy ot niaBHoro npe^Meia Hameft khhth. OdaeTca TOjibKo 
BHOBb ^o6aBHTb, 4to HHTaTCJiM, KOTopwe 3axoTHT noflpo6Hee no3Ha- 

KOMHTbCfl C COBpeMeHHOH TeopHeft 3JieMeHTapHbIX HaCTHU, B03bMyT 

Ha ce6a Tpy£ HaftTH h npo^HTaTb 3aMe4aiejibHyio HayHHo-nonyjmp- 
Hyio KHury [6]. 

BcnoMHMM Tenepb o rjiaBHOM npe^Meie H3Jio>KeHHH h nepeft- 

^eM K TeM «MeTa(|)H3HHeCKHM» npo6jieMaM KOCMOJIOrHH, KOTopwe 

peiuajiHCb b cTaTbe A. Tyca. 



rAdBd 7 

MeTa<t>H3HHecKMe npo6ncMbi kocmo Aom m 



npo6AeMa ropH30HTa 

B npeOTH(J)JIHUMOHHOH KOCMOJIOrHM 6bIJ10 HeCKOJIbKO OCHOBHblX 

npo6jieM, KOTopwe He peuiajiHCb (J)piiHMaHOBCKOH KOCMOjioraqecKOH 
MoaejibK). fljia 3toh Mo^ejiM ohm paccMaTpuBajiHCb KaK HanajibHbie 
ycjioBMH. Boo6me roBopa, MHorae KOCMOJiora npodo He o6pamajiH 
Ha 3th npo6jieMbi BHHMaHHe. 

ripe^e Bcero k TaKHM npo6jieivtaM OTHOCHjiacb npo6jieMa ro- 

pH30HTa 4aCTHU. 

CJIOBO «ropH30HT» B (J)H3HKe B03HHKJIO TOJIbKO nOCJie C03flaHHH 

o6meft TeopwH oTHOCHTejibHOCTH. Boo6me roBopa, b Hepejrara- 
bhctckoh (J)H3HKe npo6jieivia ropH30HTa B03HHKHyTb He Morjia, OHa 
TecHeftuiHM o6pa30M CBH3aHa c KOHenHOCTbio ckopocth CBeTa, c ko- 

HeHHOCTbK) CKOpOCTH nepeflaHH B3aHM0aeftCTBHH. 

B Mo^ejiH Opw^MaHa no^pa3yMeBaeTca nepBH^Haa omopojx- 
HOdb pacnpe^ejieHHH BemedBa. Ha6jnofleHHfl noKa3biBaioT, hto Be- 
medBO aeftcTBHTejibHo pacnpeaejieHo o^HopoflHO. ToHHee, KOHTpacT 
njioTHocTH b 6ojibuiHX MacurraGax, noica He 3aipoHyTbix rpaBHTauH- 
ohhoh HeycTottHHBocTbio, cocraBjiaeT He 6ojibiue 10~ 5 . 3ia oneHb 
MajieHbKaa BejiHHHHa, noKa3biBaioma5i, mo bo BcejieHHoft aeiicTBO- 

BajIH KaKHe TO (})H3HHeCKHe MexaHH3MbI, «BbirJiaflHBUIHe» KOHTpaCT 

njioTHocTH. rioneMy 6bui c^ejiaH TaKOH bmbo#? 

HaM6ojibiuaa cKopocTb pacnpocrpaHeHHa B3aHMO,zi,eHCTBHH b 
npwpotfe paBHa cicopocra CBeTa. 3to o^hh h3 ochobhwx npwHijHnoB 
TeopHH oTHocHTejibHOCTH, TmaTejibHO npoBepeHHbitt 3KcnepHMeH- 
TanbHO. rio3TOMy jno6bie 4>H3H4ecKHe cwjibi He nepe^aioTca 6bicipee, 
neM CKopocTb CBeTa. Ecjih b KaKOM-jiw6o MecTe, no KaKOH-jiH6o 
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npMHHHe noBbiCHTCH TeMnepaTypa, to MH^opMauHfl o tom, hto no- 
BbiCHJiacb TeMnepaTypa, 6y#eT nepeaaBaTbca He 6bicTpee 4eM co cko- 

pOCTbK) CBeTa. 3TO 3Ha4HT, HTO eCJIH B OflHOM MeCTe KOCMMHeC- 

koh njia3Mbi noBbicHJiacb TeMnepaTypa, BbipaBHHBaTbca OHa 6yaeT 
c npocTpaHCTBeHHott cKopocTbio, He npeBbiuiaiomeH CKopocTb cBe- 
Ta. BHeceM bo BcejieHHyio, 3anojiHeHHyio ra30M, cBeny. 3aaoKeM ee, 
ot cBenn HaHHyr pacnpocrpaHHTbCH cbctoboh m TenjiOBoft 4>pohtm. 
CBeT pacnpocTpaHaeTca co CKopocTbio 300 000 km/c. CBeTOBbie Jiy^n, 
pacnpocTpaHHacb b KOCMOce, nepBbie Hecyr c co6oh HH^opMaunio 
o npouecce — b #aHHOM cjiynae o tom, hto 3aacrjiH cBeny. TeM- 
nepaTypHbin $poht CBe^n 6y#eT pacnpocTpaHHTbcn co CKopocTbio 
MeHbiuen, hqm CKopocTb CBeTa; >KMTejiH llpoKCHMbi LJeHTaBpa, Ha- 
npMMep, paccTOHHwe #o Korapoft ot 3cmjih cocTaBJineT npHMepHo ne- 
Tbipe CBeTOBbix ro#a, nonyBCTByiOT noBMineHHe TeMnepaTypbi no3ace, 
hgm nepe3 4 ro#a nocjie 3axnraHHa cbchh. Ecjih cBena 6yaeT ropeTb 
Be^HO h o6jia^aTb #ocTaT04HOH MomHOCTbio, to TeMnepaTypa BOKpyr 
Ha^HeT nocTeneHHO noBbiiuaTbCH. Ho noBbiiueHwe TeMnepaTypbi 
He 6y#eT o6roH5iTb cbctoboh 4>poht; npunnHHOCTb bo BcejieHHOH 
y CTaH aBjiMBaeTCH co CKopocTbio He Gojibineii, neM CKopocTb CBeTa. 

H3 npeabwymnx rjiaB mm yace 3HaeM, hto BcejieHHaa pacmnpa- 
eTCfl h 4T0 pacuiHpeHHe Hanajiocb b hckotopmh momcht BpeMeHH, 
KOTopbitt juin y^o6cTBa mm o6o3Ha^aeM t = 0. KaK 6y#eT ycraHa- 
BJiMBaTbca (^M3H4ecKoe B3aHMO^eHCTBHe b pacmnpHiomeMCH Mnpe? 
IloHBJiHeTca Haqajio. JIk>6oh npouecc HaHHHaeTCH no3xce, hqm mo- 
MeHT BpeMeHH t = 0. 

IbpH30HT qacTHu bo BcejieHHOH, noKa3MBaiomHH, Kaicoe pac- 
CTOHHHe npoxo^HT Jiy^H CBeTa 3a BpeMH t, npome^iuee c MOMenra 
«Bojibiuoro B3pbiBa», MeHneTca nponopuwoHajibHO BpeMeHH, koh- 
KpeTHO, jsjin BcejieHHOH, flOMHHHpoBaHHOH nbijibio (hjih ajih coBpe- 
MeHHOH CTa^HH 3bojik)uhh BcejieHHOH, KOTopan HacTynnjia nocjie 
z~ 10 4 ): 

L(t) = 3-t. 

PaccTOHHne Me>Kfly flByMa npoGHMMH nacTKuaMH mchhctch Me#- 
jieHHee. Oho onpe^eJiaeTca npoH3BefleHneM Maciirra6Horo (^aKTopa 
a(t) (kotopmh onpe^ejineT 3aBHCHMOCTb ot BpeMeHH) Ha He3aBHca- 
myK) OT BpeMeHH BeJIH4HHy — paccTOHHHe b hckotopmh npo6HMH 



l~lpo6AeMa ropn30HTa 
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MOMeHT BpeMeHH £: 

x(t) = a(t)£. 

MaCllITa6HbIH <j)aKTOp B MHpe, flOMHHHpOBaHHMM nblJIbK) HJIH 

H3JiyHeHMeM, MeHfleTca no CTeneHHOMy 3aKOHy c noKa3aTejieM MeHb- 

uie, HeM e^HHHua. 

JJjih BcejieHHOH, flOMHHHpoBaHHOH nwjibio, 3tot noKa3aTejib 
- • 

:2/3 



cocTaBji^eT 



3' 



a(t) ~ t 



pa BcejieHHOH, AOMHHHpoBaHHOH n3JiyHeHHeM, 3tot noKa3aTejib 
eme MeHbuie, oh paBeH \\ 



a(t) ~ t 



1/2 




B3aHMHOe M3MeHeHMe ropM30HTa qaCTMU H paCCTOflHHfl mokay 

OTyMfl npo6HbiMM HacTHuaMH npo^eMOHcrpHpoBaHbi Ha pnc. 7.1. 

Ha pnc. 7.1 noKa3aHbi ^ 
3BOJHOUHH ropH30HTa nac- 

thu h paccTOHHHH Meacay 
OTyMH npo6HbiMH HacTHua- 

MH. JXO HeKOTOporO MOMeH- 

Ta BpeMeHH t c jxbq toh- 

KH HBJIHIOTCH npHHHHHO He 

CBH3aHHbiMH. JlyHaM CBda, 
KOTopwe BbiinjiM M3 nepBOH 

TOHKH, npOCTO He XBaTHJIO 
BpeMeHH ZUIH TOrO, HTO6bI 
^OCTHmyTb BTOpOH TOHKH. 

B MOMeHT t c nocjie «Eojib- 
uioro B3pbiBa» nepBbie jiy^H cBeia, Bbmiefliime H3 nepBOH tohkh 
b MOMeHT «Bojibmoro B3pbiBa», flocraraiOT BTopoit tohkh. nocjie 

3T0r0 MOMeHTa BpeMeHH 3TH flBe TOHKH HBJIHIOTCfl yxe npHHHH- 

ho CBH3aHHbiMH. Tenepb npa HaGjnoaaTejin, Haxo^nmnecii b 3thx 
TOHKax, y3HaK)T o cymecTBOBaHHH ^pyr zipyra. fljin t > t c Meac^y 
coctohhhhmh BemecTBa b TOHKax 1 h 2 MO^ceT ycraHOBHTbca paB- 
HOBecne. HanpHMep, 6yzieT BbipaBHHBaTbcn TeMnepaTypa njia3Mbi 
Menvxy 3thmh T04KaMH, ecjiH nepBOHanajibHo TeMnepaTypa njia3Mbi 
b flByx TOHKax 6bijia pa3jiHHHoii. 



Pmc* 7.1 . Bboakduha ropn30HTa nacTMu (cnAOw- 
Hafl AMHMfl) m paccroflHMfl mokay abyma npo6- 

HblMM HaCTMUaMM (nyHKTklpHaSI AHHMfl) AAA CTe- 

neHHoro 3aKOHa pacLunpeHH5i 
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H3 pnc. 7.1 TaioKe bh^ho, hto jxo MOMeHTa t c #Be nacTHUbi hh- 
koraa He 6mjih b npnqHHHoft cbh3h, ecjiM TOJibKO 3aKOH paciunpeHMH 
HMeji TaKoft ace bhzj, KaK b cjiynae BcejieHHoft, flOMHHHpoBaHHoii 
nwjibio hjih H3Jiy*ieHHeM. 

Bojiee Toro, fljra Bcex ypaBHeHMH coctohhhh BemecTBa, jxjih 
KOTopbix ^aBjieHHe hbjihctch nojioxHTejibHbiM, ropn30HT qacrau 
Bcer#a 6y#eT pacumpHTbca 6biCTpee B3anMHoro paccTOHHHH Meacay 
aByMH npo6HbiMH HacrauaMH. 

K MOMemy peKOM6HHauwH ropn30HT nacTMu cocTaBjraji ~ 1 
MnK. YnacTOK TaKoro pa3Mepa, jie>KamHH Ha noBepxHOc™ nocjiefl- 
Hero pacceaHHH, cero^HH HMeeT yrjioBOH pa3Mep ~ 2°. 3to 3Ha4MT, 
wto Ha noBepxHOCTH nocne^Hero pacceaHHH HaxcwiTCH npHMepHO 
N ~ 10 000 TbiCHH njioma^oK, TeMnepaTypa b mropbix k momch- 
Ty peKOM6MHauiHH He Moma «BbipoBHflTbCR». CorjiacHO craTHCTHKe 
IlyaccoHa, pa3HHua TeMnepaTypbi (no^ejieHHan Ha cpe^HiOK) TeM- 
nepaiypy) 3thx miomaaoK aojukho 6biTb, no nopn^Ky BejiHHHHbi, 

~ y/~N hjih ~ 10~ 2 . Ha caMOM^ejie, pa3JiHHHe TeMnepaTypbi ropa3#o 
MeHbine, oho cocTaBJiaeT Bcero ~ 3 x 10~ 5 . 

Ecjih ^BHraTbCH BcnaTb bo BpeMeHH, to kojihhcctbo oxaejib- 
hhx o6jiacTeft, npnHHHHO HecBH3aHHbix zipyr c apyroM, cocTaBJiaeT 
yace coBepuieHHo acrpoHOMMqecKyio BejiHHHHy ~ 10 83 , Ha njiaH- 
kobckhh MOMeHT BpeMeHH, a flHcnepcHH TeMnepaTyp h njioTHOCTen 

flOJDKHbl COCTaBJIHTb ~ 10 41 . 06T>HCHHTb, KaK H3 CTOJIb OipOMHblX 

BejiHHHH noHBHJiHCb hhhtoxho Majibie 3HaqeHHH, pa3yMHbiM o6pa- 
30M HeB03MoacHO. 3Ta npo6jieMa Ha3biBaeTCH npo6jieMOH ropH30HTa 

(J)pH^MaHOBCKOH KOCMOJIOrHH. 

npo6 AC Ma I1AOCKOCTHOCTH 

Brapan npo6;ieMa 4>pH^MaHOBCKOH MoaejiH BcejieHHoft, koto- 
paa peiuajiacb b cTaTbe A. Tyca, Ha3biBajiacb npo6jieMOH rjiockoct- 
hocth. 3to ^OBO^bHo HeyKjnoacee BbipaaceHwe TaHT b ce6e rjiy6oKHH 

CMblCJI. 

FIpocTpaHCTBO BOKpyr Hac npaKraqecKH njiocKoe. Oranqwe 
reoMeTpHH Hamero npocTpaHCTBa ot reoMeTpHH EBKjiH^a hh^to^k- 
ho. Oho o6HapyacHBaeTCH tojibko b ^eBHTOM 3HaKe nocjie 3anaTOH, 



l1po6AeMa riAOCKOCTHOCTM 
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a b6jih3h ot CojiHua — b mecTOM. Hauie npocipaHCTBo Ha Mac- 

IUTa6aX, CpaBHHMblX C ropH30HTOM HaCTHU, TO>Ke B 3Ha4HTejIfaHOH 

Mepe njiocKoe. Bo bchkom cjiynae, H3MepwTb ero npocTpaHCTBeH- 
Hyio KpnBM3Hy He yzjaBajiocb BnjioTb jio otkpwthh HCTOHHHKa rana 
«cTaH^apTHaH cBeqa» { K KpHTepHeM 6jih30cth Hamero npocTpaHCTBa 
k njiocKOMy b KocMOjiorHH HB^neTca BejiHHHHa, KOTopaH paBHa ot- 
HoiueHHio njiOTHOcra Hamero MHpa k kphthhcckoh hjiothocth. OHa 
o6o3HaHaeTCH rpe^ecKOH 6yKBOH Q. Ecjih fi paBHa e^HHHue, to Ham 

MMp B T04H0CTH njIOCKHH. H3MepeHHH (nyCTb H OHCHb HeTOHHbie) 

noKa3ajiH, hto 3Ta BejiH4HHa 6jiH3Ka k e^HHHue, xoth, CKopee Bcero, 
He paBHa eft. 

PeineHwe npo6jieMbi hjiockocthocth o6t>hchhjio, noneMy Ham 

MMp nOHTH eBKJIHflOB. 

Ecjih Q 6ojibme e^HHHijbi, to mhp pacinHpneTCH, aocrara- 
eT MaKCHMajibHoro pawyca, onpeaejineMoro BejiHHHHoft f2, 3a- 

TeM Ha4HHaeT OKHMaTbCH. «EojIbUIOH B3pbIB» CMeHHeTCH «EoJIbIIIHM 

KpaxoM». Ecjih f] MeHbme e^HHwubi, to BcejieHHaa pacuiHpaeTCH 
6ecKOHe4HO flojiro, npn 3tom njiOTHOCTb BemecTBa yMeHbmaeTca. 
KaKHMH aojdkhm 6biTb HaqajibHbie ycjiOBHH b Haqajie pacuinpeHHa, 
4to6m ceroflHH ohh npHBejin k Ha6jno,aaeMbiM 3Ha4eHH»M napaMe- 

TpOB? 3TO flOBOJIbHO JierKO paCC4HTaTb. Ho BOT TyT-TO H HaHHHaiOTCH 

ocHOBHbie 3araaKH. 

Bo3bMeM napaMeTp ft npHMepHO paBHbiM eflHHHue, cKa^KeM, 

0,5 HJIH 1,5. IIOCMOTPHM Tenepb, KaKHM OH flOJDKeH 6bITb B pa3JIHH- 

Hbie anoxH 3bojik>uhh BcejieHHOH, KOTopwe 6biJiH ro Hameft 3noxn. 
B 3noxy peKOM6HHauHH otjmhhc Q ot ezuiHHijbi y>Ke He zjojdk- 
ho npeBbimaTb 0,001. Bojibmee otjihhhc npHBejio 6bi k TOMy, hto 
ceroflHH Q, paBHHJiocb 6bi 10 hjih, CKaxeM, 0,1, hto JierKO H3Me- 
Phmo. B snoxy HyKJieocHHTe3a oTJiHHHe Q ot eanHHijbi He aojdkho 
npeBbimaTb 0,00000000000000001. B 6ojiee paHHioio 3noxy KBapK- 
rjiiooHHOH njia3Mbi, oTJinnne Q ot e^HHHUbi «npaTajiocb» b 21 3HaKe 
nocjie 3anHToft. B njiaHKOBCKHH momcht 3to otjihhhc Bbipaacajiocb 
BejiHHHHoft 10" 60 . OTKy^a Moiyr B3HTbcn TaKHe HanajibHbie ycjioBHH? 
3Ta npo6jieivia h Ha3biBajiacb npo6jieMOH hjiockocthocth. 



IloHHTHe «CTaJiaapTHaa CBena» cm. b rjiaBe 2. 
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noHCMy pacuiHpneTCH BcexeHHasi? 

Bhjio eme HecKOJibKO «MeTa4>H3HHecKHx» npo6jieM <J)pnflMa- 
hobckoh KocMOjioraH, KOTopwe peuianncb TeopneH hh4>Jihuhh. Ohh 
He bouijih b nepByio ciaTbio Tyca, xoth b xo#e aHajiH3a nocjieacTBHH 

TeopHH HH(|)JIHUHOHHOH BcOJieHHOH KOCMOJIOrH CMOrjIH peiUHTb 3TH 

npo6jieMbi. 

O^Ha H3 TaKHX npo6jieM 4>opMyjinpyeTC5i KpaHHe npodo: no- 
HQMy Hama BcejieHHaa pacuinpaeTca? 

B npe^bmymux rjiaBax, onHCbiBaa CTaH^apTHyio KocMOJiora- 
HecKyio Mo^ejib, mh Bcioay noflnepKHBajin, hjo b KOCMOce #en- 
CTByioT cwjibi npHTHaceHHfl (KaK 6hjio BbiacHeHO eme M. HbioTo- 
hom). JXaneKut rajiaKTHKM pa3JieiaioTC5i no HHepuHH. Kaicafl cnjia 
po^Hjia nepBOHa^ajibHHH tojihok? Hto npHBejio MHpbi b ^bm^kc- 
HMe? 

KocMOjioraH HHor^a Ha3biBaeTcn Teopnen «Bojibiuoro B3pw- 
Ba». MoaceT 6biTb bo B3pbiBHbix MexaHM3Max na^o ncicaTb npnqwHy 
nepBOHaqajibHoro Tojunca? 

^eftcTBHTejibHO, paccMOTpuM B3pbiB KaKoro-Jin6o BemecTBa, 
CKaaceM TpwHHTpoTOJiyojia (TpoTHJia). 3to BemecTBo HBjiaeTca CMe- 
cbio neTbipex xMMH4ecKMx BemecTB — yrjiepo^a, a30Ta, BO^opo^a 
h KHCJiopo^a. B pe3yjibTaie MecTHoro no^cwra B03HHKaeT xuumec- 
Kaa peaKUHH, KOTopan 6bidpo pacnpocTpaHaeTca no BceMy o6beMy 
B3pbiBqaToro BemecTBa. B pe3yjibTaTe xnMnnecKnx peaicijHH Beme- 
ctbo npeBpamaeTca b ra3, ^aBjieHne BHyrpn 6bicTpo HapaciaeT, 
pacTeT rpa^neHT (nepena^) flaBjieHHH, B03HHKai0T chjim, Bbi3BaHHbie 
aaBJieHneM, KOTopwe pa3MeiaioT qacraubi BemecTBa b pa3Hbie CTopo- 
hh, Bbi3biBaH TaioKe pa3JieT ^pyroro BemecTBa, KOTopoe BCTperaTCH 
Ha nyra B3pbiBa. 

3HeprnH, npHBOOTman k B03HHKHOBeHHH flBnaceHUH — 3to bh- 
AejiHBiuancH xHMHHecKaa 3HeprHH, KOTopaa npeBpamaeTca b KHHe- 
raqecKyio 3Heprnio pa3JieTaiomeroca BemecTBa. ^BHacyman cnjia — 
cnjia pa3H0CTM aaBjieHHH BHyrpn npo^yicroB xnMnqecioix peaKUHft 
h oKpyacaiomero B03#yxa. BHyrpH npoflyicrbi B3pbiBa HarpeTbi jxo bh- 
cokoh TeMnepaTypbi. 

B pe3yjibTaie npoH30iue ( muero B3pbiBa BemecTBo HaquHaeT pa3- 
jieiaTbca. B BaKyyMe BemecTBo pa3JieiaeTCH HeorpaHHqeHHO. TeMne- 



KaK o6pa3yeTCfl pacujupeHMe no 3aKOHy Xa66Aa? 1 05 



paiypa npoayicroB B3pbiBa yMeHbiuaeTCH, flBHxeHne qacTHU BemecTBa 
co BpeMeHeM xopoiuo onwcbiBaeTCH 3aKOHOM ^bpokchhh no HHepmiH 

f — vt, 

oqeHb noxoxHM Ha xa66jiOBCKHH 3aKOH paciunpeHHH BcejieHHoft. 

IIOHTH BCe npH3HaKH TaKOH 3BOJHOLJHH BeiljeCTBa ITpHCyTCTByiOT 
B KOCMOJIOrHH. 

KOHeHHO, XHMHHeCKHH B3pbIB CJIH1UKOM CJia6, flJIfl TOrO 4T06bI 
npMBeCTH B JIBHjKQHHQ 10 22 COJIHeHHblX MaCC, KOTOpbie COCTaBJIHIOT 

BM^MMyK) qacTb BcejieHHoft, ho mo>kho npe^ciaBHTb ce6e jmepHbift, 

TepMOWepHblH B3pbIB, B KOHLje KOHUOB B3pbIB HCH3BCCTHOrO TH- 

na c ruraHTCKHM BbmejieHneM 3Heprnn. MoxeT jih TaKoft B3pbiB 
06'bacHHTb HaqajibHbitt tojwok? 

Otbct Ha 3tot Bonpoc npocT — HeT. 

flBH^cyman cnjia B3pwBa (HeBaacHo, xHMHHecKoro hjih TepMo- 
HflepHoro) — pa3HHua aaBJieHHft. ripn B3pbiBe B03HHKaeT Heo^Ho- 
po^Hoe pacnpe^ejieHHe BemecTBa. CymecTByeT n ocTaeTca ijeHTp 
B3pbiBa. Hw^ero no#o6Horo bo BcejieHHoft He Ha6jno,aaeTCfl. Beme- 
ctbo pacnpeaejieHo o#Hopo#HO, TO^Ka, KOTopyio mo>kho 6mjio 6m 

OTO^aeCTBHTb C UeHTpOM, OTCyTCTByeT. 

nepBonpHMHHa pa3JieTa — npoGjieivia, KOTopyio nocraBHjia, 
ho He Morjia peuiHTb KOCMOJionmecKasi Teopua, co3^aHHaa AjieK- 
caH^poM AjieKcaH^poBHqeM Opn#MaHOM. 

KaK o6pa3yeT«i paciunpeHHe no 3aKOHy Xa66Aa? 

PaciimpeHne no 3aKOHy Xa66jia Toace mo>kho npwHHCJiHTb k Me- 
Ta4)M3HHecKHM npo6jieMaM KOCMOjiornn. B paMKax CTaHflapraoft 
(J)pn^MaHOBCKoft Mo^ejin 3aKOH paciunpeHMH Xa66jia He y^aBajioeb 

nOJiyMHTb «flHHaMH4eCKHM» MexaHH3MOM, nO#o6HO TOMy, KaK M3 Ma- 

jihx B03MymeHHH njiOTHOcra o6pa30Bajmcb rajiaKTHKH, KOTopwe mm 
Ha6jno#aeM. 

B npe^bi^ymeM naparpac})e mm noacHHJin, hto $opMa 3aKOHa 
Xa66jia npneyma MHorHM (J)H3HHecKHM npoueccaM, b qacTHocra, 
o6m4hmm xHMHHecKHM B3pbiBaM. O^HaKO, npw pacuinpeHMH Be- 
mecTBa b pe3yjibTaTe o6bmHoro B3pbiBa Bcer#a ecTb ijeHTp B3pbiBa, 
Bcer^a cymecTByioT rpa^neHTM aaBjieHHH. Koop^HHaTa r, KOTopan 
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4>MiypHpyeT b 3aKOHe, OTCHHTbiBaeTca ot ueHTpa B3pbiBa. JXbq npo- 
H3BOjibHbie tohkh mchhiot paccTOHHHe Mexmy co6oii no apyroiviy 
3aKOHy, Henoxo>KeMy Ha f = vt. 

OcHOBHaH npo6jieMa, KOTopyio He Moma peuiHTb CTaHflapTHaa 
KOCMOJiorHHecKaa TeopHH, — nojiy^HTb pacmwpeHHe b BH^e 3aKOHa 
Xa66jia zura o^hopo^ho pacnpeaejieHHoro BemecTBa b pe3yjibTaie 
aeiicTBHH H3BecTHbix (|)H3HHecKHx npoueccoB. 



TAaBa 8 

MH4>Asii|MOHHan BccACHHan 



PaccMOTpHM cocTOHHwe cKanapHoro nojra b paHHeft BcejieH- 
hoh, Kor^a Ha4HHaeTCH cra^Ha hh<J)jihuhh. KoH^eHcaT cKajrapHoro 
nojia no Bceivt ochobhhm xapaicrepHCTHKaM noao6eH BaKyyMy BHp- 
TyajibHbix nacTHu. IloaTOMy oh Ha3biBaeTca coctohhmcm BaKyyMa 
CKanapHoro nojia. 3to nojie hcjimhchho, oho B3aHMO^eftcTByeT caMO 

C COGOH, H nOTeHUHaJIbHaa 3HeprHH B3aHMO#eHCTBHH B 3aBHCHMO- 
CTH OT BejIHHHHbl nOJIH npeflCTaBJIfleT CO6OH CJIOXHyiO (J)yHKUHK). 

Ha pwc. 8.1 noKa3aHa 3aBHCHMocTb 3HepraH CKajrapHoro nojia V(0) 
ot BejiH4HHbi nojra. y nojia, noKa3aHHoro Ha pHcyHKe, cymecTByeT 

TpH BaKyyMHblX COCTOHHHH. 0#HO COCTOHHHe o6bI4HO Ha3bIBaeTCH 

cocTOHHHeM 4>ajibiiiHBoro BaKyyMa, h oho cooTBeTCTByeT 3HaHeHHK) 
noTeHUHana CKajiapHoro nojia 0 = 0, #Ba apyrax coctohhhh Ha- 
3biBaiOTca coctohhhhmh HCTHHHoro BaKyyMa, ohh Haxo^HTca npH 

3HaHeHHH OTJIHHHOrO OT HyjIH cKajiapHoro nojia 0 = ±0o . 

Ha pwc. 8.1 H3o6pa)KeHa noTeHUHajibHaa 4>yHKUHH cKajiapHoro 
nojia, o6jiaflaiomero ^ByMa HecBH3aHHbiMH coctohhhhmh hcthhho- 
ro BaKyyMa. Moxcho HeMHoro MO^H^HUHpoBaTb 3aBHCHMOCTb V (0). 
EyzjeM CHHTaTb, hto CKajrapHoe nojie npeacTaBjiaeT H3 ce6a #y6jieT 
#Byx CKanapHbix nojieft (j>\ h 02. npHHCM «pa3pe3» noTeHujiajibHoii 
(J>yHKUHH, npoBeaeHHbift nepe3 ueHTp rpa<J)HKa, kotopwh coBna^aeT 
co 3HaqeHHAMH apryMeHTOB 0i — 0 h 02 = 0, noxoac Ha rpa$HK 
4>yHKUHH V(<p) zyiH o^Horo CKajiapHoro nojra. #pyrHMH cjioBaMH, 
rpa(J)HK hoboh 4>yHKUMH V(0l, #2) nojiynaeTca «BpameHHeM» npo- 
(})hjih V(<p) BOKpyr ocm V a o^ho CKajiapHoe nojie npn BpameHHH 
«npeBpamaeTca» b ^Ba nojia. 

Tor^a rpa<})HK ^(01, 02) CTaHOBHTCfl TpexMepHbiM (phc. 8.2), 

3a#aHHbiM Ha iijiockocth c apryMeHTaMH d>[ h 02- 
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Tpa<})MK noTeHunaAbHOM 3Heprnn CKaAapHoro noAS b 3aBMCMMOCTM ot Be- 

AMHMHbl CaMOrO nOAa. riO BCpTMKaAbHOM OCM OTAOXeHa BeAMHMHa nOTeHUMaAbHOM 

3Heprnn, no ropn30HTaAbHOM ocm — BeAMHMHa noAfl. CriAOiiiHOM AMHueki (1) noi<a3aHa 
3aBMCMMOdb noTeHUMaAbHOM 3HeprMM b OTcyrcTBMe BemecTBa APyrMx TMnoB. 3Hane- 
HMe 3HeprMM noAfl npM 0 = 0 o6o3HaHMM Vq m b AaAbHekiweM 6yAeM Ha3biBaTb 3to 
3HaneHMe 3HepmeM AOXHoro mam 4>aAbLiJMBoro BaKyyMa. 3io 3HaneHMe cooTBCTCTBycT 
HeB03MymeHHOM 3HeprMM KOHAeHcaia CKaAspHoro i~ioasi. y ^hkumm, M3o6pa>KaiomeM 
3HeprMKD, ecTb ABa noAOxeHMfl paBHOBecMa. Oaho HaxoAMTca npM 0 = 0, oho abaa- 
eTCfl HeycTOMHMBbiM noAOxeHMeM paBHOBecMfl. BTopoe HaxoAHTca npM 0 = ±0o. 

ABa 3TMX nOAOXeHMfl paBHOBeCMfl 9BASIIOTC51 yCTOMHMBbIMM M COOTBCTCTByKDT MCTMHHOMy 

cocTOAHMK) BaKyyMa m BTopoMy coctoahmio KOHAeHcaia CKaAJipHoro noAfl. IDtpmxo- 
BaHHOM amhmcm (2) noKa3aHa noTeHUMaAbHaji 3HeprMfl CKa/tfipHoro noAfl b npMcyrcTBMM 
BemecTBa, c<()opMMpoBaHHoro nacTMuaMM bcktophnx m cnMHopHbix noAei/i, KOTopoe 
npeACTaB/^ieT M3 ce6a ropjiHyio nAa3My c TeMnepaiypoM T. riyHKTMpHOM amhmcm (3) 

M3o6pa>KeHa noieHUMaAbHasi 3HeprM5i noA9 0 aas nAa3Mbi c TeMnepaTypoM T\ > vl ^ 
Ilo BepTHKajibHoft ocm (aHanoroM b fleicapTOBOM cucieMe ko- 

OptfHHaT HBJIHCTCH OCb Oz) OTJIO^CeHa BCJIMMMHa FIOTeHUHajIbHOM 

3HeprHH, no #ByM ropH30HTajibHHM (aHajioroM kotophx hbjihiotch 
ocm Ox h Oy) — 3HaMeHH5i nojieft 0j w 02. IloBepxHOCTb no- 
Ka3bmaeT 3aBHCHM0CTb noTeHixHajibHoii 3HeprnM V ot CKajiapHbix 
nojieft 0i h 02 B OTcyTCTBHe BemecTBa jxpyrux ™noB. 3HaqeHHe 
3HeprHH nojra npw 0 = 0 BHOBb o6o3HannM Vq m b AajibHettiueM 
6y#eM Ha3biBaTb 3to 3Ha4eHHe 3Hepraeii jioatHoro mjim gbajibmH- 
Boro BaKyyMa. Tenepb y (J)yHKUHH, M3o6pa>KaiomeH 3Hepraio, edb 
o^ho nojio^ceHHe paBHOBecwn, KOTopoe Haxowrca npw 0 = 0, oho 
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Pmc. 8.2. rpa<J)MK noTCH UHaAbHoPi 3Heprnn cKaAapHoro noAH 

AAA Ay^AeTa cicaAflpHbix noAePi 



HBjiaeTCH HeycToftHHBbiM nojioxeHHeM paBHOBecnn. OcTajibHbie no- 

JIO^CeHHH paBHOBeCHH HaXQUHTCH npH 01 +02 = 00 • MHOXeCTBO 3THX 

3Ha4eHHH o6pa3yeT oKpyxHoerb BOKpyr och V c pa^nycoM 0o. Ecjih 
oaejiaTb npeo6pa30BaHwe b UHJiHH#pnHecKyio CHcreMy KOop^HHaT 

Ha njIOCKOCTM 0i H 02, TO KdtiKJXOQ COCTOHHMe fly6jieTa CKajIHpHO- 

/ 

ro nojia 6yaeT xapaKTepH30BaTbca «pa#HycoM» y <t>\ + <t>\ h «4>a- 
3oft» ip = arctg (^). MHO)KecTBO BaKyyMOB pa3JiH4aeTCH 4>a3oft ^. 

MHO^CeCTBO 3THX nOJIOXeHHH paBHOBeCHH HBJWeTCH yCTOHHHBbIM 

h cooTBeTCTByeT HCTHHHOMy cocTOHHHio BaKyyMa. 

Xopomen aHajiorHeft coctohhhh h sbojiiouhh cKajiapHoro nojia 
HBjiaeTca sbojiiouhh mapHKa, nojioaceHHoro Ha acejio6 Taxoro ace 
npo^wjia, KaK h noTeHUHan caMoro nojia. Mw 6yaeM nacTO hc- 
nojib30BaTb 3Ty aHajioraio, hto6w noacHHTb cocTOHHHe h 3bojiiouhk) 
CKajiapHoro nojia Ha cra^HM hhcJwihuhh h nocjie Hee. 

flo Hanajia cia^HH hhc^jihuhh cJ)opMa noTemjHajia CKajiapHoro 
nojia onpeaejiaeTCH nyHKrapHon jiHHHew, 3Ta (J)opMa TaKan ace, KaK 
y npymx nojieft, o6jiaaaiomHx Maccoii. riojie HcnbiTbiBaeT 6wcTpbie 
K0Jie6aHHH BOKpyr 3HaneHHH 0 = 0, ypaBHeHHe coctohhhh co- 
Bna^aeT c ypaBHeHHeM coctohhhh pa^HauHOHHO-flOMHHHpoBaHHoft 
n^a3Mbi. BcejieHHan paciimpneTCH no deneHHOMy 3aKOHy. Flocjie 

ocTbiBaHHfl TeMnepaiypw T ~ V^ 4 cocroHHHe cKajinpHoro nojin 
«ca,anTca» b HMKy, cooTBeTdByiomyio 0 = 0. Ilpn 3tom 3Ha4eHHe 
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CKaJIHpHOrO nOJIH flBJIHCTCH nOCTOflHHOH BejIH4HHOH, CKOpOCTb H3- 

MeHeHHH (f> paBHa Hyjiio, no3TOMy ypaBHeHHe coctohhhh cTaHOBHTCH 
p 2= -pc 2 . HanwHaeTCH hhcJumuhh. 

OCHOBHOH BKJiajJ B JJHHaMHKy BcejieHHOH Ha HH(|)JIHUHOHHOH 

CTa^HH ^aeT CKajinpHoe nojie. IIjioTHOCTb ero 3HeprHH — nojioxH- 
TejibHaa BejiHHHHa, aaBJieHne (HanoMHHM, hto 3to nacKaneBO #a- 
BJieHHe) — BejiHHHHa oTpHuaTejibHaa. OTpwuaTejibHoe aaBjieHHe — 

3T0 nOJIO^KHTejIbHbie CMJIbI HaTH>KeHHH. riaCKaJieBbl CHJIbI HaT5DKeHH5I 

cxHMaioT BemecTBo co Bcex ctopoh. CjieayeT, npaB^a, no^epKHyTb, 
hto nacKajieBbi chjim HaraxeHMH onpe^ejiaioT TaKoe (J)M3H4ecKoe 

COCTOHHMe, KOTOpoe HBJlHeTCa, CKOpee, 3K30THKOH, 4eM 06bI4HbIM 

cocToaHHeM BemecTBa b jia6opaTopHbix ycjioBHax Hauiero Mnpa. 
flaBjieHHe TaKoro BH#a pa3BHBaeTCH npn hbjichmhx KaBMTauHM — 
noHBjieHHH ny3bipbKOB BCJiea, CKaxeM, 3a rpe6ymHM BecjioM. Ecre- 
CTBeHHo, 4to npn KaBMTauMOHHbix HBjieHMflx OTpnuaTejibHoe ^aBjie- 
HHe b ny3bipbicax cjia6oe, oho 3Ha4HTejibHO MeHbuie, qeM njioTHOdb 
3HeprHH noKoa OKpyacaiomeft bo^m. 

B o^eHb paHHeft BcejieHHOH Ha hh^jihuhohhoh cra^HM OTpwua- 
TejibHoe aaBjieHHe 6bijio npe^ejibHo cHjibHbiM. OTHouieHHe flaBjieHHfl 
k njioTHOcra 3HeprwH 6wjio paBHo MHHyc e^HHHue. TaKoe cocTOHHHe 
Ha3biBaeTCH ^oMHHHpoBaHHeM cKajiapHoro nojia. OipHijaTejibHoe #a- 
BJieHHe He npoH3Bo#Hjio MexaHH^ecKoro aeftcTBHH, no#o6Horo TOMy, 
KOTopoe KaBHTauHOHHbie ny3bipbKM npoH3BO^HT Ha Becjio. TaKoe 
aeftcTBHe npoH3BO,aHTC5i nepena#aMH ^aBjieHHH (cicaaceM, MOK^y ny- 
3bipbKOM h BOfloft). HanoMHHM, 4to BemecTBo 6bijio pacnpe^ejieHO 
o^Hopo^HO, 4>a3bi BemecTBa c pa3JiH4HbiM #aBjieHne OTcyrcTBOBajiH, 
AaBJieHHe bo BceM BemecTBe 6biJio OTpnuaiejibHbiM. flpyroe rqjio — 
rpaBHTauwoHHoe B03fleftcTBHe oTpnuaTejibHoro ^aBJieHHfl. TaKoe bo3- 
aeHCTBHe cymecTByeT h MeHaeT ^HHaMHicy 3bojiiouhh BcejieHHOH. 

B HbioTOHOBCKOH TeopHH rpaBHTauHH Macca Tejia nponopuw- 
OHajibHa njioTHoc™ BemecTBa. B o6meft TeopHH OTHOCHTejibHOcra 
BKJia^ b npHrarHBaiomyio Maccy bhocht TaioKe h /jaBjieHne. ^aBjie- 
HHe npoH3BO^HT pa6oTy, pa6oTa — 3to BbiCBo6o^HBiuaHca 3Hep- 
rHH, 3HeprwH paBHaeTCH Macce, yMHoaceHHOH Ha KBa^paT cicopoc™ 
CBeia. 3Ha4HT, aaBJieHHe o6jiatfaeT Maccoft. IIojio^cHTejibHoe flaBjie- 
HHe, cicaaceM, b ra3e, cnoco6cTByeT «pacTajiKHBaHHio» oicpyacaiomero 
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BemecTBa, oho npoH3Bo,HHT pa6oTy, a no3TOMy BbmejiHiomaacH 3Hep- 
rHH — nojioxHTejibHan BejinqHHa. 

ripOTHBOnOJIO)KHbIH no 3HaKy BKJia^ B 3HeprMK) flaiOT CHJIW 

HaTH)KeHna. Chjiw B03HHKaiomHe, CKaaceM, b pe3HHe, npenaTCTBy- 
k)t ee pacTflxeHHio. Ha^o npMjio^cHTb ycnjine, hto6w pacTHHyTb 
pe3HHy. Ha#o BjioxcHTb onpe^ejieHHyio 3Heprnio juih pacra^ce hhji. 
OTcio^a cjieziyeT, mto 3HeprHH HaTaaceHHH — oTpnuaTejibHaa bcjih- 
HHHa. Ho oTpnaaTejibHaji 3HeprHH flOJDKHa (no 4>opMyjie E = mc ) 
npHBo^HTb k oTpMuaTejibHOM Macce. 

TaKow BbiBO^ CBOHCTBeHeH He TOJibKO TeopHH cKajiHpHoro nOJIH 
b KocMOJiorHH. HanoMHHM, hto yMeHbiueHHe Maccw BCTpeqaeTca 
(h aoBOJibHo HacTo) yace b coBpeMeHHOH jia6opaTopHoft (J)M3HKe. 
Macca fleirrepHH, kotopmh cocTaBJieH H3 npoTOHa h HeinpoHa, 
MeHbiue, hqm cyMMa Mace npoTOHa h HeHTpOHa no oxaejibHocTH. 
3Ta pa3HocTb Mace, cooTBeTCTByiomaa 3Heprnn AE « 2,2 MsB, Ha- 
3biBaeTCH a^epHbiM #e<J)eKTOM Maccw. Chjiw, KOTopwe c^epatHBaioT 
npoTOH h HeihpoH bmcctc b smpe ^eirrepHH — chjiw Hara^ceHHH — 

BHOCHT OTpHIjaTejIbHWH BKJiatf B HHCpTHyiO MaCCy. 3HaHHT, OHH 

bhocht OTpHuaTejibHWH BKjia^ b rpaBHTaijHOHHyio Maccy (corjiacHo 
npHHunny SKBHBajieHTHOcra). 

TpaBHTauHOHHaH Macca, KOTopaa nponopunoHajibHa cyMMe 

■ 

njiOTHOCTH h yrpoeHHoro aaBjieHHH, craHOBHTCH OTpnijaTejibHOH 
b nepHoa hhc|>Jihuhh! TpaBHTauHOHHoe npHTH^ceHHe 3aMeH5ieTca ot- 

TajIKHBaHHeM. 

Bo BcejieHHOH pa3BHBaioTca chjiw ycKopeHHH, b OTJiHHHe ot chji 

npHTJDKeHHH npH ^OMHHHpOBaHHH o6bIHHOrO BeiUeCTBa. TaKaH flHHa- 

MHKa npHBo^HT k TOMy, MTO napaMeTp Xa66jia HBjiaeTCH nocTOHHHWM 

BO BpeMH HH(|)JIflUHH. ECJIH 6bITb a6cOJIK)THO TOHHWM, TO OH HeMHO- 

ro H3MeHaeTCH, ozjHaico xapaKTepHoe BpeMH ero H3MeHeHHH, yMHO- 
jKCHHoe Ha 3HaqeHHe bcjihhhhw 3Toro napaMeipa, ropa3#o 6ojib- 
me e^HHHUw. MHTepBaji BpeMeHH, paBHWH o6paTHOMy 3Ha*ieHHK) 
nocTOHHHOH Xa66jia, o6o3Ha4HM r. MacuiTa6HWH (^aKTop pacreT 
co BpeMeHeM 3KcnoHeHijHajibHo. MHTepBaji BpeMeHH, 3a kotopwh 
MacuiTa6HWH (j)aKTop yBejiHHHBaeTca b 2,718281828 pa3, ecTb r. ripn 
3T0M no 3aKOHy 3KcnoHeHTw MeHHeTca TaioKe h o6i>eM BcejieHHOH. 
CKopocTb Meamy ^ByMa npo6HWMH HacraijaMH paBHa npoH3BOfl- 
hoh ot MacuiTa6Horo (Jmicropa no BpeMeHH. Ho 3KcnoHeHTa — 3to 



112 fAaBa 8. MH<J>A$iuMOHHafl BceAeHHaa 



eflHHCTBeHHafl (|)yHKUHH y KOTOpOH npOHSBO^HaH C TOHHOCTbK) flO 4H- 

cjieHHoro MHoacHTejia coBna^aeT c caMoft 4)yHKnneH! HucneHHbiM 
MHO^CHTejieM 3^ecb HBJiHeTCH nocTOHHHaa Xa66jia (b tot nepnoa). 

CKOpOCTb HaCTMU (KOTOpaH HBJIHeTCH npOH3BOflHOH OT paCCTOHHHfl) 

yBejiMHMBaeTCH nponopuwoHajibHO caMOMy paccTOHHHio Meac^y na- 
CTHuaMH — TaK b paHHen BcejieHHow $opMnpyeTca 3aKOH Xa66jia. 
Ilocjie Toro, KaK 3tot 3aKOH flBnaceHHH (j)opMHpyeTCH bo BpeMH 
hh(J)jihuhh, oh nepe^aeTCH ot suoxh k 3noxe npaKTH^ecKH 6e3 hc- 
KaxeHHH. 3aKOH pacmnpeHiiH Xa66jia — Hacjie^ne caMoft paHHen 
anoxH b 3bojik)uhh Hamero Mnpa. 

B 3KOHOMHKe nepnozi, Kor#a pocT aeHeacHOH Maccbi nponop- 
UHOHajieH caMoft Macce, Ha3biBaeTCH HHcJxjiHuneii. Flo aHajiornn Tyc 

Ha3BaJI CBOK) TeopHK) HH(|)JIHUHOHHOH. 

Poct MacuiTa6Horo (})aKTopa no 3aKOHy 3KcnoHeHTbi hmggt eme 

HeCKOJIbKO Ba^CHblX CJie^CTBHH. 

PemeHHe npo6AeMbi ropHSOHTa 

PaccMOTpMM aoMeH c pa3MepoM, paBHbiM ropn30HTy HaCTHU 
k Haqany hh<Jxjihuhh. Ibpn30HT qacrau bo BpeMH hh(|)jihuhohhoh 
CTa^HH HBJiHeTCH nocTOHHHoft BejiHHHHoft. Oh paBeH o6paTHOMy 3Ha- 
HeHHio napaMeTpa Xa66jia Ih = C H^}' 9 no coBpeMeHHbiM oueHKaM, 
oh cocTaBjineT npHMepHO Ih ~ 10 cm. BHyTpn 3Toro pa3Me- 
pa k Ha^ajiy hh^jihuhh ycTaHOBHJiocb TepMOAHHaMnqecicoe paB- 
HOBecne n npimnHHaH CBH3b. Bo BpeMH hh^jihuhohhoh cra^HH 
(^JiHTejibHOCTbio At) ^oMeH pa3MepoM 10" cm «pa3^yBaeTCH» 3kc- 
noHeHunajibHO n 3a 60 xapaicrepHbix BpeMCH H At « 60 CTaHOBHTCH 
nopaaKa 1 cm. BHyrpn o6i>eMa pa3MepoM 1 cm BcejieHHan hbjihct- 
ch «rjia#Kon». HeT 6ojibmnx KOHTpacTOB mioTHOc™, TeMnepaiypw 
n ^aBjieHMH. OTcyrcTByiOT TaioKe 6ojibiune nepena^w rpaBHTaunoH- 
Horo noTeHunajia. Bo BpeMH ^ajibHeftmen 3bojik>uhh 3tot aomch 
6yaeT pacTHHyr o6mnM KOCMOJionmecKHM pacmnpeHneM b 10 29 
pa3 h cero^HH 3aHHMaeT o6jiacTb 6ojibine coBpeMeHHoro ropn30HTa 
qacTHU Hameft BcejieHHon. TaK peiuaeTCH npo6jieMa ropn30HTa. 

fljiHTejibHOCTb hh4>jihuhohhoh CTaAMM HBjineTCH HepeineHHon 
npo6jieMon. TaK, AjiaH Tyc co cbohmh coaBTopaMH nojiaraeT, hto oHa 
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juihtch «Bcero» jiMQib 100 xapaKTepHbix BpeMeH H At « 100. AH^peft 
JlHH^e pasnmi Mo^ejib Hauieft BcejieHHofi, b KOTopoft paciiiHpeHMe 

cocTaBjiaei noHCTHHe acrpoHOMH4ecKyio UH(J)py H At ~ 10*^^. Ta- 
Kyio UM$py npefldaBHTb ce6e hcbo3mo)kho! B 3toh mo^cjim hh(|>jih- 
umohhom da^HH BcejieHHaa pa3,ayBaeTCH TaK, 4to npeflHHcJxjiHUHOH- 
Hbiw ropH30HT pa3MepoM Bcero 10~ 30 cm 3aHHMaeT aomch pa3MepoM 
10 970 cm. EdecTBeHHo, hto bch Ha6jiKxaaeMaa 4acrb BcejieHHOH (co- 

BpeMeHHblH ropM30HT HaCTHu) HBJIHeTCH HHHTO)KHO Majioft 4acrbio 
3TOH «60JIbIU0H» BcejieHHOH. 

fljlfl peilieHHH npo6jieMbI ropH30HTa (hJIH npH4HHHOH CBH3HO- 

ctm BHyipw coBpeMeHHoro ropH30HTa nacTHu) Heo6xoaHMO, 4T06bI 
BcejieHHaa Ha hh(J)jihuhohhoh ciaaHH «xHJia» HHTepBaji BpeMeH h 
He Kopo4e, 4eM At « 60H-~}. 3a 3to BpeMH MacuiTa6HbiH 4>aKTop 
ycneeT BbipacTH b 10 30 pa3 h k KOHuy hh(J)jihuhohhoh crajjHH npn- 

4HHH0 CBH3aHHbIH flOMeH £OCTHrHeT ~ 1 CM. FloCJie KOHUa 3TOH 

CTa^HH bch 3Hepraa jioacHoro BaKyyMa nepexo^HT b apyryio (J)opMy. 
Po>K,naioTCfl 3JieMeHTapHbie HacTHUbi, T04Hee, o6pa3yeTCH njia3Ma 
3jieMeHTapHbix 4acrau, HarpeTan ao TeMnepaTypbi T ~ 10 29 K. Bce- 
jieHHaa Ha4HHaeT pacuinpaTbCH no CTeneHHOMy 3aKOHy (Macurra6- 
HbiH (Jmicrop padeT KaK HeKOTopaa cTeneHb BpeMeHH). KpacHoe 

CMemeHwe MOMeHTa OKOHnaHHa hhcJxjihuhh z ~ 10 29 . ^Be 4acTHUbi, 
pa3^ejieHHbie pa3MepoM 1 cm cpa3y nocjie OKOHHaHHa hhcJwihuhh, 
b coBpeMeHHbift MOMeHT pa3jiejieHbi paccTOHHHeM 10 29 cm. Ohh, oj\- 
HaKO, yace ycTaHOBHjiH npH4HHHbiH KOHTaKT eme ao Hanajia hhcJwih- 
Uhh. KoHTpacT iuiothocth, aaBjieHHH h TeMnepaTypbi eme Hanana 
HHc|)jiauHH BHyrpH 3Toro jjOMeHa 6biJi Maji. Tenepb, Koraa aomch 6mji 
yBejiH4eH o6luhm pacumpeHHeM BcejieHHOH b 10 60 pa3, b HeM oera- 

JlOCb TO COCTOHHHe, KOTOpoe C(|)OpMHpOBajIOCb BO BpeMR HH(J)JIflUHH. 

PeuieHHe npo6ACMbi iiaockocthocth 

FIpo6jieMa njiocKOCTHOcjH peuiaeTca TaioKe npocTO, KaK h npo- 
6jieMa ropH30HTa. BcnoMHHM, hto KpHTepneM 6jih30cth Hamero 
npocTpaHCTBa k miocKOMy b KOCMOJiorHH HBjraeTca BejiH4HHa, ko- 
Topaa ecTb oTHouieHHe njioTHOCTH Hauiero MHpa k KpHTH4ecKOH 
njioTHOCTH, OHa o6o3Ha4aeTCH rpe4ecKoft 6yKBoft ft. Ecjih SI, paBHa 
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eauHHue, to Ham mmp b to4hoctm iuiockhh. KpnTHqecKaa iuiot- 
HOdb nponopuHOHajibHa KBajjpaTy napaMeTpa Xa66jia m hbjihctch 
yaejibHOH KMHeTMHecKOM 3HepraeH npo6Horo o6teMa BemecTBa 1 ^. 
lljiOTHOCTb BemecTBa HBJineTca yuejibHofi noTeHuwajibHOH 3Heprn- 
efi npo6Horo oGteMa BemecTBa. Ilo3TOMy fl HBjineTca OTHomeHHeM 
yaejibHOH noTeHUHajibHOH 3HepraH k yaejibHOH KMHeTM^ecKOH 3Hep- 
rwM npo6Horo o6i>eMa BemecTBa. 

lljiOTHOCTb BemecTBa b 3noxy aoMMHMpoBaHWH CKajinpHoro no- 

Jlfl 6bICTpO CTpeMMTCH K nOCTOHHHOH BCJIHHHHe, paBHCM nOJIOBMHe 

KBaapaTa napaMeTpa Xa66;ia. KBa#paT npoM3Bo^HOH ot MacuiTa6Ho- 
ro (J)aKTopa Toace cTpeMHTbca k toh ace bcjimmmhc Mx oTHomeHHe 

CTpeMMTCH K eflHHMUC fleHCTBHTCJIbHO, nydb JXO 3nOXM HH(j)JIH- 

umm KpwBM3Ha BcejieHHoft 6biJia HeHyjieBOM. 3to 03Ha4aeT, mo 
napaMeTp fi 6bui otjihhch ot enHHHUbi, cicaxeM fi > 1, hto coot- 
BeTCTByeT Tonojiornn 3aMKHyToro npocTpaHCTBa, Koraa BcejieHHaa 
3KBMBajieHTHa noBepxHOCTM uiapa. 

H — 1 cooTBeTCTByeT njiocKow reoMeTpMM, mw >Ke paccMaTpw- 
BaeM reoMeTpMio uiapa. FIpM pa3nyBaHnn uiapa ero pa^wyc pacTeT, 

BO BpeMH MH(J)JlHUMOHHOM CTa#HH BceJieHHOH ee pa^MyC KpHBM3HbI 

Toace pacTeT. Ecjim BbiAejMTb MajieHbKyio o6jiacTb Ha noBepxHoc™ 

lliapa, TO KpHBH3Ha 3TOH 06jiaCTH TO>Ke GyjXQT MaJia. BcnOMHMM, 4TO 

b HeKOTopwx Mo^ejiHx bch Ha6jno,aaeMafl qacTb BcejieHHoii abjihctch 
Majioft nacTbio 10" 970 ot AOMeHa, b kotopom Ha npeflHH(})jiHUHOHHOH 
CTa^HH ycTaHOBMjiocb TepMO^MHaMwqecKoe paBHOBecHe. Ecjim mw 
6yaeM pace m aTp m BaT b pa3Mep, paBHbiii 10~ 970 nacTM pa^wyca iuapa, 
to KpMBM3Ha 3Toro Kyco4Ka noBepxHOc™ 6yaeT He3a\ieTHa. Ilo3TOMy 
w napaMeTp f) b Taicwx Mo^ejiax mh^jihuhohhoh BcejieHHOH 6y^eT 

HeOTJIMHMM OT e^MHMUbl. 

TaK pemaeTCH npo6jieMa rmocKOCTHoc™. 

noneMy paciuHpneTcn BceAeuHaa 

^BHacymaa cnjia pacwnpeHHH Bce/ieHHOH — cmia rpaBHTauHOH- 

HOrO OTTajIKHBaHHH, B03HMKaK)lUaH Ha CTa^MM HH(j)JlHUHH. 3Ta cwjia 

6biJia BbBBaHa KonaeHcaTOM CKajiapHoro nojin Ha mh^hixmohhoh 

^ Cm. rjiaBy 4. 
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da^HH. 3tot KOHfleHcaT CKajiHpHoro nojra 3KBHBajieHTeH A-qjieHy 
b ypaBHeHHHX SftHiirreHHa. 

A-4jieH (hjih KOCMOJioraqecKaa nocTOHHHaa) 6hji bbgjxch b 
ypaBHeHHH rpaBHTauHOHHoro nojia caMHM A. 3HHiirreHHOM. Oh mo- 

flM(J)MUHpOBaJI CBOH ypaBHCHHH o6meft TeopMM OTHOCMTejIbHOCTH 

juih Toro, hto6h nojiyHHTb cTaTHHecKoe peuieHHe, onncbiBaioiuee 
BcejieHHyio. Xoth no3ace BbincHHJiocb, hto Hauia BcejieHHaa pacuiH- 
paeTca, h Ha#o6HOCTb b co3flaHHH craTHHecKOH MOflejiH BcejieHHoft 
OTnajia, H^ea He 6biJia 3a6biTa. 

fle CHrrep HecKOjibKO no3ace Hauieji ypaBHeHHe, onncbiBaiomee 
paciunpHiomyiocH BcejieHHyio c A-hjichom; Tenepb 3Ta KocMOjiora- 
HecKan Mo^ejib Ha3biBaeTca Moaejibio (hjih BcejieHHoft) jxc CHrrepa. 

HHTepec k Mo^ejiH Cnrrepa BpeMH ot BpeMeHH BHOBb bo3hh- 
Kan b coo6mecTBe KocMOJioroB, TaK KaK ocHOBHoe cbohctbo A-qjie- 
Ha — cnoco6HocTb Bbi3biBaTb ycKopeHHe, a He 3aMe,zuieHHe Bce- 
jieHHoft — HHTpHroBajio adpoHOMOB, h jiio6oe no,ao3peHHe Ha cy- 
mecTBOBaHHe crauHOHapHoro y^acTKa b hctophh paciiiHpeHHH hjih 

nO,ZIi03peHHe O HaJIHHHH CJie^OB yCKOpeHHH BbI3bIBaJIO K )KH3HH da- 

pwe H^en SftHimeftHa— #e CHTTepa. ^ 

Yace b KOHue aBa^uaToro BeKa, 3aMe*iaTejibHbie coBeTCKHe yne- 
Hbie R. Khp>khhu h A. JlHH^e noica3ajiH, hto b paHHeft BcejieHHoft 
Morjia 34>4)eKTHBHO reHepnpoBaTbCH KOCMOJiorHHecKan nocTOHHHan, 
3KBHBajieHTHan CHjiaM orrajiKHBaHHH . A. Crapo6HHCKHft npn aHajiH- 
3e KBaHTOBbix nonpaBOK k ypaBHeHHHM SftHimeftHa TaioKe o6Hapy- 
schji peuieHHe, KOTopoe 6hjio 3KBHBajieHTHO pemeHHio zie CHrrepa, 
h pa3pa6oTaji Teopnio caiviocorjiacoBaHHoro peiueHHH, b kotopom 
KBaHTOBbie nonpaBKH k ypaBHeHHHM rpaBHTauHOHHoro nojra cjiyxn- 
jih HCTO4HHK0M, nopoxc^aiomHM HeHyjieByio KpHBH3Hy npocTpaH- 
dBa — BpeMeHH. 

B 1981 r. AjiaH Tyc Ha ocHOBe pa6oT KnpacHHua h JlHHzie pa3- 
paGoTaji Teopnio hh^Jihuhohhoh BcejieHHoft, bbcji 3<J)(J)eKTHBHyio 

K0CM0JI0rH4eCKyK) nOCTOHHHyK), BbI3BaHHyK) KOH^eHCaTOM CKajinp- 

Horo nojra. IlpHjiHBHbie chjiw, reHepnpyeMbie eft, 6buiH qyzjoBHmHbi, 

OHH COCTaBJIHJIH BejIHHHHy 10 C~ . 

TaKHe npHjiHBHbie chjih pacTajiKHBaHHa 3Ha4HTejibHo npeBOC- 

XO^flT CHJIbl, KOTOpbie B03HHKaK)T npH XHMHHeCKOM HJIH H^epHOM 

B3pbiBe. 3th chjih o6ecne4HBafOT «pa3roH» BemecTBa BcejieHHoft 
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b TeqeHHe anoxH hh^jihuhh. CaMoe rjiaBHoe b tom, hto 3th chjih 

B03HHKaK)T B OflHOpOflHOH BceJieHHOH, OHH He 3aBHCHT OT ipa£H- 

eHTa ^aBjieHMH hjih TeivinepaTypbi; Hao6opoT, ohm BbipaBHHBaioT 
BCHKHe rpa^HeHTbi, cnocoGcrBya o6pa30BaHHK> o^Hopo^Horo pac- 
npe^ejieHHH b BemedBe. nocjie OKOHHaHiia hh(J)jihuhohhoh siioxh 
BcejieHHaa npoflOJiacaeT pacmnpaTbca (BnjioTb jxo Haiuero bpcmchh) 
no HHepaHH. 

Bot no^eMy pacmnpaeTca Haiua BcejieHHaa. 



KaK o6pa3yeTCn pacuiHpeHHe no 3aKOHy Xa66xa 

3aKOH Xa66jia Bbirjia^HT o^eHb npodo: 

v = Hf. 

HiaK, CKopocTb flByx npo6Hbix HacTMu nponopijHOHajibHa paceroa- 
hhk> Me^y hhmh. HeM ^ajibine qacnmbi flpyr ot #pyra, TeM 6ojibine 
CKopocTb hx yaajieHHfl apyr ot apyra. TaKoe jxbHjKqhhq o6pa3yeTca 
Toace bo BpeMa hh^jihuhohhoh era^HM. 

B MexaHMKe jxbujKQhuq npo6Hofl qacTHijbi onHCbiBaeTca ypaB- 
HeHHeM, KOTopoe onpe,aejiaeTca aeHCTByiomeH chjioh, HanajibHbiM 
nojioxeHweM qac™m>i h ee Ha^ajibHOH CKOpodbio. 

PaccMOTpHM flBe npo6Hbie nacTHUbi b pacmnpaiomeHca Bce- 
jieHHoft. OM3HqecKoe paceroaHHe Meacay qacraijaMH onpeaejiaeTca 
npoH3Be,aeHHeM MacuiTa6Horo (jjaicropa a(t) Ha paceroaHHe b Koop- 
AHHaTax JlarpaH^ca (cm. rjiaBy 4): 

x(t) = a{t) H + fit) . 

0n3HHecKaa CKopocTb 3thx HacTHu, onpe^ejiaeTca npon3Bo^Hofl 
ot MacuiTa6Horo (fraicropa, pa3,aejieHHOH Ha caM Macurra6HbiH (Jmicrop 
(t. e. napaMeTpoM Xa66jia) iuiioc eme ooto ao6aB04Hoe cjiaraeMoe: 

v(t) u 

^r=H + -^—. (8.1) 
x(t) Z + fit y > 

Cwjia, ^ewcTByioinaa Ha jxbq npo6Hbie 4ac™ijbi, «cnpaTaHa» 
b napaMeTpe Xa66jia, KOTopbift bo BpeMa HH(])jiaunH aBJiaeTca no- 
cToaHHbiM. Ha^ajibHaa pa3Hocn> nojioxeHwa ^acTHij £ h HanajibHbie 



OKOHH6HH6 MH(J)A$IUklOHHOM CTaAMM 
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CKOpOCTH HaCTHU fi (iCOTOpbie, pa3yMeeTCH, HBJI5HOTCH npOH3BOJIbHbI- 

mh) OKa3biBaK)T Ha 4>opMnpoBaHHe 3aKOHa pacuiHpeHHH Bee MeHbiuee 
BjiHHHHe no Mepe TeneHHH BpeMeHH. 

EcTecTBeHHO, hto b jiK)6yio apyryio 3noxy, Koraa Macurra6HbiH 
4>aKTop yBejiHHHBaeTCH no cieneHHOMy 3aKOHy, napaMdp Xa66jia 
yMeHbiuaeTCH nponopunoHajibHO BpeMeHH, h BTopoe cjiaraeMoe Toace 
bhochjio 6bi 3HaHHMbift BKjia^ b 4>opMHpoBaHHe 3aKOHa pacmnpe- 
hhh. rio3TOMy zuih (J)opMHpoBaHHH 3aKOHa pacmnpeHHa Xa66jia 
a6cojnoTHO Heo6xoflHMo cymecTBOBaHHe b npouuioM cra^HH, Koma 
MacuiTa6HbiH 4)aKTop mchhjich no 3aKOHy 3KcnoHeHTbi, a napaMeTp 
Xa66jia 6hji nocTOHHHoft bcjihhhhoh. 

B anoxy hhcJxhhuhh nepBoe cjiaraeMoe b ypaBHeHHH (8.1) (napa- 
MeTp Xa66jia) HBJiaeTca nocTOHHHoft bcjihhhhoh, a BTopoe cjiaraeMoe 
6bidpo y6BiBaeT co BpeMeHeM. K MOMemy OKOHHaHHH hhcJxjihijhh 
(JopMHpyeTca paciunpeHHe, npaicraHecKH HeoTjiHHHMoe ot 3aico- 
Ha paciiiHpeHHH Xa66jia. B flajibHeftmeM 3tot 3aKOH pacuinpeHHa 
nepeaaeTca ot o^hoh snoxe k flpyroft 6e3 HCKaaceHHH. 

TaK bo BpeMH HH(})jiauHH nojiynaeTCH xa66jioBCKoe pacuinpeHHe 
rajiaKTHK. 

OKOHHaHH€ MH0A5IUHOHHOH CT3AHH 

3tot naparpa(J) hb^hctch «Heo6fl3aTejibHbiM». Cennac kocmojio- 
ra Moryr jiniiib cKa3aTb, hto HH(j)jijmHOHHaH cra^na 6buia Ha paHHHX 
3Tanax 3bojik>uhh BcejieHHoft. ToHHan Mo^ejib hhcJwihijhh HeH3- 
BecTHa. Ilo3TOMy cymecTByeT orpoMHbin npocTop b nocrpoeHHH 
pa3jiH4Hbix Mozjejieft hhcJxtchuhohhoh cra^HH BcejieHHoft; Heo6xo- 
OTMO TOJibKo, HTo6bi paccMaTpHBaeMan Mo^ejib yaoBjieTBopajia He- 

CKOJIbKHM OCHOBHbIM KpHTepHflMI 06ecneHHBaJia ZIOCTaTOHHOe BpeMH 

pacuiHpeHHfl h nopoxaajia TaKott cneKTp B03MymeHHH njioTHocTH, 
KOTopbift Ha6jno^aeTCfl no pe3yjibTaTaM 3KcnepHMeHTOB. 

Oaicry, hto caMa HH(J)jiauHOHHaa cra^na cymecTBOBajia b jya- 
jieKOM npouuioM, ecTb KOCBeHHbie noflTBepagjeHHH, nepeHHCJieHHbie 
b 3toh rjiaBe, a Taoce npaMoe flOKa3aTejibCTBo, KOTopoe mh paccMo- 
tphm nyrb no3ace, Koraa 6yaeM o6cyamaTb aHH30TponHio pejiHKTOBo- 
ro H3jiyHeHHH. B nepBOH hh^jihuhohhoh Mo^ejiH, KOTopyio pa3BHBaji 
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caM A. Tyc, hh^Jihuhh OKaHHHBajiacb nocjie npwMepHO HAt ~ 100. 
CeH^ac cymecTByFOT MoaejiH bchhoh hh4>jihuhh, KOTopaa HHKoma 
He KOH4aeTca (hx mm o6cyzjHM HHace, b rjiaBax 10 h 18). 

Tenepb ace mm o6cyn;HM HHC^jwuMOHHyio Teopnio, b kotopoh 
cymecTByeT momcht oKOHHaHHa hh^jihuhh bo bccm npocrpaHCTBe. 
B TaKoii Mo^ejiH HmepBaji BpeMeHH, b TeneHHe KOTOporo aomhhh- 
poBajia 3HepraH 4>ajibiiiHBoro BaKyyMa, hbjihctch HenpoaojiatHTejib- 
hmm. IlpaBfla, oh ajihtch He MeHee 100 xapaicrepHbix BpeMeH. 3to 
(J)H3HqecKoe coctohhhc HaqHHaeT pa3pymaTbca H3-3a BHyrpeHHeft 

HeCTa6HJIbHOCTH. 

06bHCHeHHe hbjichhh Heera6HJibHOCTH HaqHeM c Toro 4)aicra, 
hto cKopocTb 3Byxa b BemecTBe onpeaejiaeTca nacTHoft npoH3BOflHOH 
ot flaBjieHHa no njioTHOdH. B BemecTBe, KOTopoe o6jiaaaeT oTpHua- 

TeJIbHMM ^aBJieHHeM, CKOpOCTb 3ByKa HBJIfleTCH MHHMOH BejIHHHHOH. 

3to 3Hawr, 4to rniocKaa 3ByKOBan BOJiHa b TaKOM BemecTBe oiih- 
cbiBaeTCH He (kyHKUHeft e ±tk ^ Vsoundt ~^ , a (JtyHKimeH BH^a e ±Jt • e ±tkr . 
CjiaraeMoe b $yHKUHH, KOTopaa onHCMBaeT 3ByKOByio BOJiHy, npo- 
nopuHOHajibHoe e" Jt , 3aiyxaeT co BpeMeHeM, ho CjiaraeMoe Bima e +7< 

6bICTpO B03paCTaeT. YBejIHHHBaeTCH KOHTpaCT njIOTHOCTH, BemedBO 
HaHHHaeT «BXO,aHTb» B CTa#HK) HeJIHHeHHOH 3BOJIIOUiHH, HaHHHaeTCfl 

pa3pymeHHe coctohhhh. 

PaccMOTpHM BHOBb pHc. 8.2. HhcJwihijhh npoHcxoflHT, noKa 3Ha- 
HeHHe cKanapHoro nojia paBHO Hyjiio. Ilocjie OKOHHaHHH hh^jihuh- 
ohhoh CTa^HH CKajiapHoe nojie HaHHHaeT CKaTMBaTbca b nojioaceHHe 
HCTHHHoro BaKyyMa, kotopmh Haxo^HTca npw HeHyjieBOM 3Haqe- 

HHH 0. 

ripe^CTaBHM ce6e 3bojhouhk> nojia Ha npHMepe mapHKa, koto- 
pbift KaTHTCH no acejio6y TaKoro ace npocjwjia, KaK Ha pnc. 8.3. 

UlapHK npe^cTaBjiaeT co6oh coctohhhc CKajiapHoro nojra. Ilo- 
Ka uiapnK Haxo^HTca b BepxHeft hmkc, BcejieHHaa pacuiHpaeTca 
no 3KcnoHeHUHajibHOMy 3aKOHy, hrqt 3noxa hh$jihuhh. Ecjih iua- 

PHK ^BHXeTCH TaM He 04eHb GblCTpO, TO OH He MoxeT flocrarHyrb 

BepuiHHM h OKa3aTbCH Ha cioioHe. Ecjih ace oh ^BHaceTCH cjihuikom 
6mctpo, to npn nepBOM KOJie6aHHH oh «nepeBajiHT» qepe3 BepniHHy 
h Ha^HeT cKaTMBaTbCH no cKjioHy. B 3tom cjiynae 3noxa hh^jihuhh 
6yaeT cjihuikom kopotkoh. Ilo3TOMy C4HTaiOT, 4to b BepxHeft HMKe 
mapHK flBHaceTca MczyieHHo. 



OKOHH6HMC MH<t>AJll4MOHHOM CT8AMM 
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h(x) 




Pne. 8.3. 3A€Cb HapncoB6H xeAo6 Toro xe npcxJ)MAfl, KaK m noTCHUkiaA Xwrca. 
Ha pkicyHKe M3o6pa>KeH npouecc TyHHCAMpoBaHM a . B KBamoBOM MexaHHKe B03MOxeH 
nyrb «noA6apbepHoro» nepexoAa, KaK noKa3aHO 3Aect>. LUapHK moxct H3 amkm nonadb 
Ha ckaoh 6apbepa. llocAe 3Toro HannHaeTCfl KAaccuHecKaa bboaiouma CKaAapHoro 
noAJi. LLJapnK, KaTfimMMCfl no xeAo6y, npeACTaBAaeT cocTOAHne cKaAJipHoro noAfl. 
B npaBOM AMKe, «mmhmmymc noTeHunaAa CKaAsipHoro noAfl, cooTBCTCTByioLucro <p > 0», 
npucyrcTByeT BemecTBO, TopM035imee inapMK. KorAa wapMK AOCwaeT AHa, mh<|)A5iuhji 
npeKpamaeTca, bo Bc€achhoh HaHHHaerca pokmm CTeneHHoro paciuMpeHMfl 

B KjiaccHHecKoft MexaHHKe uiapnK He MoxeT npoHHKHyrb cKB03b 

CKJIOH. B KBaHTOBOH TeopMM COCTOHHHe CKajIHpHOrO nOJIH MOSCeT 

«npoTyHHejiMpoBaTb» cKB03b noTemjHajibHbiH 6apbep. 3tot 3(])(i)eKT 

B KBaHTOBOH MexaHHKe H3BeCTCH flaBHO, HaiU COOTeHeCTBeHHHK 

T. TaivioB o6t>hchhji c ero noMombio a-H3JiyneHHe pa^HoaKTHBHbix 

aTOMOB. 

Ha phc. 8.3 nyHKTHpHoft jihhhch noKa3aH nyrb «no^6apbep- 
Horo nepexo^a» coctohhhh cKajmpHoro nojra. llocjie Toro, KaK 
cocTOHHHe oKaxeTca b Mede, noMeneHHOM 6yKBOH B 9 HanHHaeT- 
ca o6bi4Haa KJiaccHHecKaa 3bojiiouhh nojia. IlIapHK cKaTbraaeTca 
b HOBoe cocTOHHHe MHHHMyMa, KOJie6jieTCH BOKpyr HOBoro nojio- 
xeHHH paBHOBecHH, 3aTeM ycnoKaHBaeTca. FIoTeHUHajibHaa 3HeprHH 
CKajiapHoro nojia daHOBHTca HyjieBOH. 3tot momcht cooTBeTCTByeT 

OKOHHaHHK) HHCjWIHIJHH. 

B momcht aocTHxeHHH ochobhoh hmkh C mapHK npHo6peTaeT 
MaKCHMajibHyio CKopocTb. TaK ace h CKarapHoe nojie npn aocnoKe- 

HHH MHHHMyMa o6jia^aeT MaKCHMajIbHOH npOH3BOflHOH no BpeMeHH. 

B3aHMOfleftcTBHe CKajrapHoro nojia c nojiHMH 3JieicrpoHOB, KBapKOB, 
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tjiioohob, jienTOKBapKOB h jxpymun peajibHbiMH h ranoTeTHqecKHMH 
nojiHMH npuBO^HT b po^eHHio o6bi4HOH MaTepun. 

IloflBJifleTCfl ropaHaH ima3Ma c TeMnepaTypoft T ~ V^ 4 , BHOBb 
HaHHHaeTCH anoxa creneHHoro pacuinpeHHa. Ha^ajibHoe 3HaneHHe 
MacuiTa6Horo 4>aicropa jum hoboh cfrpHflMaHOBCKOH 3noxn 6ojibiue 
npeabwymero, no KpaHHeft Mepe, b 10 30 pa3, OTHOiueHne KHHeraHe- 
ckoh y^ejibHOH 3HeprHM pacumpeHHH k noTemjHajibHOH yaejibHoft 

3HeprHM C 60JIbUI0H TOHHOCTbK) paBHo eanHnue. C^opMMpoBajica 

3aKOH pacuiHpeHHH v = Hr, BcejieHHaa npHo6pejia cKopodb pac- 
uiHpeHHH, Heo6xo^HMyio win Toro, 4to6w npoaojiacaTb pacumpeHne 
AOCTaTOHHO aojiro, no KpaHHen Mepe, BnjioTb ro coBpeMeHHoro 
MOMeHTa BpeMeHH. 



TAaBa 9 

B03HMKH0BCHMC 3apOAblUICM NIAclKTIAK 



Hama BcejieHHan o^Hopo^Ha jiHiiib b cpeaHeM, b oneHb 6ojib- 
uihx MacuiTa6ax L > 200 MnK. no Mepe yMeHbiueHHH Maciirra- 
6ob mh bvljxvlm apKO BbipaaceHHyio cTpyicrypy b bujiq CBepxcKon- 
jieHMH h CKonjieHHii rajiaKTHK L > 100-10 MnK, caMHx rajiaKTHK 
L « 100-10 kitk, mapoBbix 3Be3#Hbix CKonjieHHii L « 1 iik, h, 
HaKOHeu, 3663,3, h njiaHeT. 3Ta CTpyKTypa B03HHKjia b pe3yjibTaTe 
o6ycjioBjieHHoro rpaBHTaunoHHOH HeycTOHHHBocTbK) pocia nepBO- 
HanajibHO Manbix B03MymeHHH miOTHOCTH. Ohm o6H3anbi cbohm 

npOHCXO^CfleHHeM (j^H^eCKHM npOUeCCaM Ha HHC^JIHIJHOHHOH CTa- 

#hh pa3BHTHH BcejieHHOH. B 1980-x ro^ax 6mjio BbmcHeHO, hto hx 
BejiHHHHa h xapaKTepHbie MacuiTa6bi onpe^ejiflioTCH (jDyH^aivieHTajib- 
HbiMH napaMeTpaMH (j)H3HKH MHKpoMHpa. 

CpaBHHTejibHO He^aBHO 6mjio HeacHO, KaKwe fymmecKne npo- 
ueccbi MorjiH npwBec™ k (JuiyicryauHflM , cymecrBeHHbiM Ha koc- 
MOJioraHecKMx MacuiTa6ax. Ba)KHyio pojib 3/jecb cbirpajia Teopna 
hhcJuihijhohhoh BcejieHHoft. BaKyyMHbie KBaHTOBbie (JmyKryauHH, 

KOTOpbie 06bI4H0 npOHBJIHIOTCH TOJIbKO B MHKpOCKOnHHeCKHX MaC- 

uiTa6ax, b 3KcnoHeHimajibHo pacmnpfliomeHCH BcejieHHOH Gbicrpo 
yBejiHMHBaioT cboio ^JiHHy A — * Xe Ht h aMnjiHTy^y h ciaHOBHTca 

KOCMOJIOrMHeCKH 3Ha4HMbIMM. I103TOMy MO^KHO CKa3aTb, HTO CKOn- 
JieHMH rajiaKTHK H CaMH rajiaKTHKH HBJIHIOTCH MaKpOCKOnHHeCKHMH 
npOHBJieHHHMM KBaHTOBblX (j)JiyKTyaU,HH. 



Bo3MymeHHn iiaothocth 



B KOHue CTa^HH hh^jihuhh b paHHeft BcejieHHOH cKajrapHoe 
nojie, ynpaBjiHiomee hh^jihuhch, «CKaTbiBaeTca» H3 HepaBHOBecHoro 
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coctohhhh b paBHOBecHoe. Bo BpeMH 3Toro HecTauMOHapHoro npo- 
uecca nponcxoziHT reHepauHH B03My me huh iijiothocth H3 BaicyyM- 
Hbix KOJie6aHHH cKajinpHoro nojra. 

BnpTyaAbHbie KBaHTbi 

HecMOTpa Ha to, hto cKajiapHoe nojie bo BpeMa hh^jihuh- 
ohhoh da^HH o6pa3yeT KOH^eHcaT, oho He flBjraeTca a6cojiiOTHO 
oflHopoflHbiM nojieM. CymecTByeT He6ojibinafl 3aBncnM0CTb ot npo- 

CTpaHCTBeHHblX KOOp^HHaT M BpeMeHH. ripoHCxo^HT TaK noTOMy, 
hto KBaHTOBbie nojiH o6jia#aioT (JxjiyKTyauHHMH. ToHHee CKa3aTb, Bee 
TepMoanHaMHHecKne BejiHHHHbi o6jia^aK)T (JwiyicryauHHMH. OflHaKO 
b KjiaccHHecKoft (J)H3HKe cHHTajiocb, 4to iipn aocTH^ceHHH a6co- 
jiiOTHoro Hyjia TeMnepaTypw (JxnyKTyauHH ochobhbix 4)H3HHecKHx 
BejiMHHH (Hanpiuviep, 3Heprnn) nc i ie3aioT. B KBaHTOBoii TeopHH 3to 
He TaK. /],a)Ke npw a6cojnoTHOM Hyjie TeMnepaTypbi cymecTByioT Hyjie- 
Bbie KOJie6aHMH nojia. CocTOHHHe, cooTBeTCTByiomee HyjieBoft TeM- 
nepaType b cjiynae, HanpHMep, (JoTOHHoro nojiH, ecTb coctohhhc Ba- 
KyyMa (Jdotohhotc) nojra. TaKwe $otohh Ha3biBaioTCH BHpTyanbHbiMH. 

Ilo3TOMy ^aace b BaKyyMe, Kor^a peajibHoe 3JieKTpOMarHHTHoe 
nojie oTcyrcTByeT, npncyrcTByioT BwpTyajibHbie 4)OTOHbi hjih Hy- 
jieBbie (|)jiyKTyauHH 3JieKTpoMaranTHoro nojm. 3Hepra5i peajibHoro 
(|)OTOHa o^H03HaHHo onpcaejiaeTca ero qacTOToft E — hu. 3HeprHH 
BHpTyajibHoro ^OTOHa Toace onpe^ejiaeTCH HacTOToii, ho 3aBHCH- 
MOCTb 3Hepraw ot nacTOTbi ^pyran: E = y- . Ecjih mm B036y»gjeHMfl 
peajibHbix (J)otohob HyxeH nepeMeHHbiw tok, HanpHMep, kotophh 
TeneT b aHTeHHe 6auiHH IlIyxoBa Ha IHa6ojioBKe, to BwpiyajibHbie 
(J)OTOHbi cymecTByioT BOKpyr Hac Bcer^a. 

PeajibHbie 3JieicrpoHbi B3aHMOfleftcTByiOT c BHpTyajibHbiMH 4>o- 
TOHaMH, Ha#o TOJibKO ynoMHHyrb, 4to B3anMOfleHCTBne 3TO cjia6oe. 
TeM He MeHee ohh npoH3BO£5rr Bno;me H3MepHMbie 3(J)4)eKTbi. 0#hh 
H3 TaKMx 34>4>eKTOB — ji3M6oBCKoe cMemeHHe 2P\/2 — 2S\/2 ypoB- 
Heft Bo^opo^Horo aTOMa. 06pa3H0 roBopa, BwpTyajibHbie (j)OTOHbi 
«HH^yunpyK)T» cnoHTaHHoe H3Jiy4eHne 3JieKTpoHa npw nepexo^e 
H3 coctohhhh 2P\/2 b cocTOHHHe 2S\/2 - KpoMe Toro, HyjieBbie (J)JiyK- 
TyauHH Bbi3biBaK>T cnoHTaHHoe H3JiyneHHe b Jia3epax, napaMeTpH- 
necKHX ycujiHTejiHx h TOMy no,n;o6Hbix coBpeMeHHbix 3JieKTpoHHbix 
npn6opax. 



B03MyiUeHMfl flAOTHOCTM 
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Ycmachmc HyAeBbix KOAe6aHMH 

Ilocjie OKOHHaHHH hhcJuihuhohhoh da^HH cKajiapHoe nojie Ha- 
^HHaeT cKaTHBaTbCH b nojioaceHHe hcthhhofo BaKyyMa. IlpeflCTaBHM 
ce6e uiapHK, KOTopbift KaraTca no acejio6y TaKoro ace npo(J)HJia, KaK 
Ha phc. 9.1. 



h(x) o 




Pmc,9.1. 3A€Cb HapncoBaH xeAo6 Toro *e npo<t>MAsi, KaK m noieHUkiaA Xmrca. LUa- 
Pmk, KaTfliunMCfl no *eAo6y, npcACTa basst cocTOHHue CKaAapHoro noAfl. B npaBOM 
AMKe, «MMHMMyMe noTeHUkiaAa CKaAapHoro noAfl», cooTBercTByioLueM 0 > 0, npMcyr- 
CTBycT BeLuecTBO, TopM03fliuee LuapMK. KorAa mapMK AOCwaeT AHa, oh topmo3mtc5i 
3tmm BeiuecTBOM. TaioKe m CKaAJipHoe noAe AOCTMraeT MCTMHHoro MMHMMyMa, noAe 
KOAe6AeTca m M3-3a B3anMOAeMCTBHfl c noAAMM ApyrMx tw~iob KOAe6aHMA 3aTyxaioT. 
HH(J)A5iuMfl npeKpamaeTca, noflBAsteTca ropflnafl nAa3Ma, bo BceAeHHOM HaHMHaeTcn 
pexMM deneHHoro pacwkipeHkra 

• 

UiapHK npe^CTaBJiHeT co6oii cocroHHHe CKajiapHoro nojia. rio- 
Ka uiapHK HaxoflHTca b BepxHett HMKe, BcejieHHaa pacuiHpaeTCH 
no 3KcnoHeHUHajibHOMy 3aKOHy, HfleT anoxa hhcJwihuhh. Ecjih uia- 
pHK ^BHxeTca TaM He oneHb 6wcTpo, to oh He MoaceT aocTHrayTb 
BepuiHHbi h OKa3aTbca Ha ckjiohc Ecjih ace oh ^BHaceTCH cjihuikom 
6wcTpo, to npn nepBOM KOJie6aHHH oh «nepeBajiHT» nepe3 BepuiHHy 
h HaHHeT cKaTbiBaTbca no CKjioHy. B stom cjiynae anoxa hhcJxjihijhh 
6yaeT cjihuikom kopotkoh. IloaTOMy CHHTaiOT, hto b BepxHett HMKe 
uiapHK ,HBH>KeTca mczuichho. 

B KJiaccHHecKOH MexaHHKe uiapHK He MoaceT npoHHKHyrb CKB03b 
ckjioh. B KBaHTOBOH TeopHH cocTOHHHe CKajiapHoro nojia MoaceT 
«npoTyHHejiHpoBaTb» CKB03b noTeHunajibHbiH 6apbep. 

Ha phc. 9.2 cnjiouiHOH crpejiKOH noKa3aH nyTb «no,a6apbepHoro 
nepexo,aa» coctohhhh CKajiapHoro nojia. Ilocjie Toro, KaK coctohhhc 
OKaaceTca b MecTe, noMeneHHOM 6yKBOH B, HaHHHaeTca o6bi4Haa 
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Pmc. 9.2. Ha pncyHKe M30- 
6pa*eH npouecc T/HHeAM- 
poBaHkia. B KBaHTOBOM Mexa- 

HMKe B03MO>KeH rr/Tb «noA- 

6apbepHoronepexoAa», kbk 
noKa3aHO 3Aecb. LLIapMK mo- 

>KCT M3 3MKM HOnaCTb Ha 

ckaoh 6apbepa. llocAe 3to- 
ro HankiHaeTca KAaccunecKafl 



X 3BOAIOUHfl CKaAstpHoro nOASI 

KJiaccMqecKaH sbojiiouhh nojia. IIIapHK cKaTHBaeTca b HOBoe cocto- 
HHHe MHHHMyMa, KOjie6jieTCH BOKpyr HOBoro nojioaceHHH paBHOBe- 
chh, 3aTeM ycnoKaHBaeTCH. 3tot momcht cooTBeTCTByeT OKOHHamno 

MH(J)J1HUMM. 

Tenepb npeacraBUM ce6e, hto npouecc nonajiaHHH Ha ckjioh, 
a, cootbctctbchho, h cKaTHBaHMH HaHMHaeTCH b pa3Hoe BpeMfl. 
FlycTb pa3HMua bo BpeMeHH 6yzjeT He6ojibiuaH, o6o3Ha4HM ee Ai. 
3HaHHTejibHO BaacHee 4>aKT, 4T0 b o^hhx MecTax npocTpaHCTBa 
hh(|)jihuhh yxe 3aKOH4Hjiacb, a b coceflHux eme npo,aoji)KaeTCH. 

PaccMOTpMM jxbg o6jiacra BcejieHHOM. B nepBoit o6jiacTM npo- 
CTpaHCTBa, b KOTopoft hhcJxjihuhh yace 3aKOHHHjiacb, po^HJiacb o6hh- 
Haa MaiepHH c njiOTHOdbio, paBHOH npwMepHo KBaapaTy napa- 
Mdpa Xa66jia H bo BpeMH HHcJwmjHH (kohchho, BbipaaceHHoro 
b njiamcoBCKHx e^MHHuax), h 3Ta o6jiacTb Ha4HHaeT paciuHpaeTCH 
no cTeneHHOMy 3aKOHy. Bo BTopoii o6jiac™ eme HeKOTopoe Bpe- 
mh At npo^oji^caeTCH hh^jihuhh; Kor,aa OHa TaM npeicpamaeTCH, 
poamaeTca MaTepna c njiOTHOdbio, paBHOH Taoce KBaapaTy napa- 
Meipa Xa66jia H bo BpeMa hhcJwihuhh. K 3TOMy MOMeHTy BpeMeHH 
njioTHOCTb nepBoft o6jiacra yace ycnejia yMeHbinmbCH b pe3yjibTaie 
CTeneHHoro pacmnpeHna. 3Ha4HT, b 3thx jxsyx o6jiacrax B03HHKaeT 

KOHTpaCT nJIOTHOCTH, paBHblH nO nOpWKy BeJIH4MHbI AtH . 

B pa3JiHHHbix MecTax npocTpaHCTBa nojie MMeeT pa3JiH4Hyio 
BejiH4HHy. Pa3^H4Haa BejiM4MHa o6ecne4HBaeTca HyjieBbiMH $jiyK- 
TyauHAMH cKajrapHoro nojia. Pa3JiH4Haa BejiH4HHa nojia aHajio- 
ra4Ha pa3JiH4HOMy nojioaceHHio mapHKa b rmkq Ha puc. 9.2. Ilo- 

CKOJIbKy BepOHTHOCTb TyHHeJIHpOBaHHH, a, CJieflOBaTeJIbHO, H BpeMfl 



Cneicrp 3eAbAOBMHa— XappucoHa 
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HaxoaoieHHfl uiapuKa b hmkc 3aBHCHT ot bmcotm 6apbepa, to ma- 
puK, jieacaujHH b pa3Hbix MecTax hmkm, «npoTyHHejinpyeT» Ha ckjioh 
6apbepa 3a pa3Hoe BpeMH — bot MexaHH3M HeoflHopo^Horo 0K0H4a- 

HHH HH(|)JI5mHH. 3T0T M6XaHH3M Be^d K B03HMKHOBCHMIO KOHTpaCTa 

njioTHOCTH b paHHew BcejieHHOH, k o6pa30BaHnio 4)jiyKTyaunH njiOT- 

HOCTH. 

KOHeHHO, MexaHH3M pO^eHHH B03MymeHHH njIOTHOCTH He- 

CKOJibKO 6ojiee cjioxeH, 4eM npHBe^eHHoe Bbime onucaHHe. Po- 
>K^eHMe KOHTpada iuiothocth onwcbiBaeTca, KaK roBopaT 4>h3hkh, 
napaMCTpHHecKHM MexaHH3MOM ycujieHHH (JuiyKTyauuft cKajiapHoro 
nojiH. Kaxcawii BCTpenajica c napaivieTpH4ecKHM ycmieHHeM b )kh3hh. 
PacKaHHBaHHe Ha KanejiHx — npMMep napaMeipH4ecKoro ycmieHUfl 
o6wqHbix MexaHM^ecKHx KOjieGaHMM. Pe6eHOK, pacKa^MBaa Ka^ejiw, 
H3ra6aeTC5i, ero uemp ra^cecTM mchhct cBoe nojioaceHHe othoch- 
TejibHO no^Beca h Bbi3biBaeT H3MeHeHne napaMeTpa — 3(J)(J)eKTHBHOH 
.zuihhh no^Beca. PacKa4HBaa «KaK Ha#o», mjim, KaK (Jm3hkh roBopaT, 
c Hy^cHbiMH 4acTOTHo-(|)a30BbiMH xapaKrepucTHKaMH, MO)KHO JXO- 
CTHrHyTb oneHb 6ojibinoH aMiuiHTyubi KOJie6aHMH, t. e. xopouio pac- 
KanaTb Ka^ejiH. Bh^hmo, no^o6HbiH MexaHH3M aeftcTBOBan bo BpeMH 
hh^jihuhohhoh cTa^HH. J\jin napaMeTpH4ecKoro ycHJieHMH, npaB^a, 
Heo6xo#HMbi «3aTpaB04Hbie» KOJie6aHHH. B HaiueM cjiynae TaKMe 
3aTpaBOHHbie KOJie6aHHH — HyjieBbie (JwiyKryaunH cKajiapHoro nojin. 
OdaeTCH TOJibKo ^o6aBMTb, 4to nepBbie Bbi4HCJieHHH, Ha ocHOBe 

KOTOpblX M03CHO o6l>5ICHMTb B03HHKHOBCHHe «3apOflbIUieH» raJiaKTHK, 

npo^ejiaji Ham cooTenecTBeHHHK, 3HaMeHHTbiH KOCMOJior A. A. Cra- 
Po6hhckhh, a (j)opMajibHyio Teopwio napaMeTpn4ecKoro ycHJieHMH 
HyjieBbix BaKyyMHbix K0Jie6aHHM cKajiapHoro nojia b paHHeft Bce- 
jieHHoii nocTpoHJiH B. H. JlyKaui h B. <P. MyxaHOB. 

CncKTp 3eAbAOBHHa— XappncoHa 

OjiyKTyauHH iijiothocth mo>kho TaioKe npeacraBHTb ce6e KaK 
coBOKynHOdb 3ByK0Bbix bojih. 3ByKOBbie bojihm xapaicrepH3yK)T- 
ch aMiuiHTyaoH (KOTopaa o6ecne4HBaeT rpoMKOdb 3ByKa), 4acTOTow 
(BbicoTa 3ByKa) h 4>a30H (momcht BpeMeHH, Kor^a 3ByK Ha4HHaeTCJi). 
06bi4Hbie 3ByKOBbie bojihw xapaKTepH3yK)TCfl cnejcrpoM. CneKrp — 

3TO CJIOBO npHIJIJIO K HaM M3 JiaTblHH, OHO 03Ha4aeT «HeBHaHMbIH». 
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flaBHO b (|)H3HKe yrepaHO nepBOHanajibHoe 3HaneHHe 3Toro cjioBa, 
Tenepb oho o6o3HanaeT 3aBHCHMOCTb aMnjimyzibi bojihm ot ee 4a- 
CTOTbi. TaKaa (J)yHKUHOHajibHafl 3aBHCMMocTb Ha3biBaeTca cneicrpoM. 

Cneicrpbi 3ByKOB 6wBaiOT caMbie pa3JiH4Hbie. Pa3Hbie 3ByKo- 
Bbie cneicrpbi npHBO^HT k pa3HOMy BocnpnaTHio 3ByKOB. Hapyiomne 
3ByKn My3biKH KBapTeTa «Bmtji3» hjim peB peaicraBHoro ABHraTejia 
Ha aapoapoMe — 06a 3thx Ha6opa 3ByKOB xapaKTepH3yioTCH cneic- 

TpOM, HO KaKOe pa3J!H4HOe BOCnpHHTHe! Ha^O TOJIbKO fl06aBHTb, 4T0 

Bee cneicrpbi, c kotopmmh mm HMeeM aejio Ha 3eMjie mjih b jia6opa- 

TOpMH, 06jiaaaK)T K0HC4H0H UIHpHHOH. 3t0 CBH3aHO C TeM, 4TO Bee 
3ByKH Ha 3eMJie npOH3BOfl»TCfl 3eMHbIMH yCTpOHCTBaMH, KOTopwe 

hmciot KOHeHHbie pa3Mepbi. 

HHoe aejio «3ByK», npoH3BO#HMbiH caMOH BcejieHHOH, T04Hee, 
«KpwK» HOBopoacaeHHoft BcejieHHOH. 3ByK cjia6bift, oh HMeeT cboh- 
CTBa CTOxacraqecKoro cnmajia, noxoacero Ha iuyMbi Mopn hjih menoT 
aajieKoro BeTpa. O^HaKO, cneKTp 3tot thhctch ot o4eHb bmcokhx 
nacTOT ~ 100 MIrj 40 CBepxHH3KHx nacTOT r>j 10" 17 Tu, paBHbix co- 
BpeMeHHOMy 3Ha4eHHK> nocTOHHHoii Xa66jia. 3to caMbift iiihpokhh 
cneKTp, KOTopbitt edb b npwpoae. 

ECJIH nOC4HTaTb, CKOJIbKO 3HeprHH 3ByKOBbIX bojih coaepaoiTCH 

b cneKTpe ot HacTora v 40 qacroTbi, cKaaceM, 2v, to oKa>KeTca, 4TO 

KOJIHHeCTBO 3HeprHH He 3aBHCHT OT CaMOH HaCTOTbl. flpyrHMH CJIO- 

n 1 n 

BaMH, K0JM4CCTB0 3HeprHH B nOJIOCe 4aCTOT OT 10 Ux flO 2 X 10 

Yu TaKoe ace, KaK b nojioce 4acTOT ot 10 Mm jjo 20 Mm. SHepraa 
3ByKOBOH bojihh nponopunoHajibHa 4acT0Te bojihm. rio3TOMy ojw- 

HaKOBOe K0JIH4eCTB0 3HeprHH Ha pa3HbIX 4aCT0TaX B03MO>KHO B TOM 

cjiy4ae, ecjm aMiuiMTyaa bojihm o6paTHo nponopunoHajibHa 4acT0Te. 

TaKOH CneKTp K0CM0JI0rH4eCKHX B03MymeHHH njIOTHOCTH ((J)JiyKTy- 

auHfl) 6biji npe^CKa3aH 3aMe4aTejibHbiM pocchhckhm KOCMOJioroM 
%. 5. 3ejib,aoBH4eM h He3aBHCHM0 ot Hero aMepHKaHCKHM kocmojio- 
tom 3. XappHCOHOM. Tenepb oh Ha3biBaeTca cneKTpOM 3ejib,aoBH4a— 
XappwcoHa hjih coKpameHHO HZ-cneKTpoM. KompacT hjiothocth 
b TaKOM cneicrpe nponopunoHajieH 4acTOTe hjih, KaK 4ame nniiiyT 
KOCMOJiorn, BOJiHOBOMy Beicropy (4acTOTe, aejieHHOH Ha CKopocTb 

3ByKa) BOJIHbl. 

CneKTp TaKoro BH^a 6biJi nojiy4eH fl.B. 3ejibflOBH4eM j\o co- 
3^aHH5i TeopnH HHcjxrraijHH, oh 6wji BMBejjeH «Ha K0H4HKe nepa» 
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H3 caMbix o6mnx npeanocbuioK. 5Ikob Eophcobhh noTpe6oBaji, hto- 
6w cneKTp B03MymeHHH Mor o6-bHCHHTb HaGjiioaaeMyio 3HTponnK) 
BcejieHHoft h npn 3tom B03MymeHHH c tskhm cneicrpoM He npoH3BO- 

flHJIH 6bl CJIHIUKOM MHOrO HepHWX flbip Ha paHHeft CTa^HH 3BOJHOIJHH 

BcejieHHoft. 

Cneicrp BH#a HZ othochtch k TaK Ha3breaeMWM 4>paKTajibHbiM 
cneicrpaM. OH3H4ecKH noHHTHe (frpaicrajibHoro cneicrpa, 4>paKTajib- 
hoh jihhhh B03HHKaeT, Kor#a mm paccMaTpHBaeM, HanpwMep, juinny 
6eperoBott jihhhh b pa3JiH4Hwx Macurra6ax. Ha KapTax c rpy6biM 
Maciirra6oM 6eperoBaa jihhhh KaaceTCH rjia^KOH. PaccMaTpHBan jih- 
hhk) b 6ojiee MejiKHx Maciirra6ax, mw HaHHHaeM 3aMenaTb aeiajiH, 
KOTopwe OTcyrcTByioT Ha rpy6wx KapTax — 3ajiHBbi, noftMW pe- 
nyuieK h, HaKOHeu, pynbH h oraejibHwe KaMHH. npn noBwuieHHH 
«pa3peiueHHa» HaqHHaicrr noHBJiHTbcn mepoxoBaTOCTH h 3a3y6pHHbi, 
noTOM mh yBH^HM flOMeHHyio h KpHCTajuiHHecKyio CTpyKTypy 6epe- 
toboh jihhhh. HaKOHeu, b eme 6ojiee MejiKHx Macurra6ax mw bxo^hm 

B MHp KBaHTOBblX 3aKOHOB, B KOTOpOM OTCyTCTByeT CaMO nOHHTHe 

rpaHHUbi. 3HanHT, npn nepexo^e ot oflHoro MacuiTa6a k apyroMy 
OTHHa 6eperoBOH jihhhh 6yaeT HapaeTaTb, b npe^ejie ycrpeMJinncb 
k 6ecKOHe4Hoc™. noaTOMy KoppeKTHO H3Mep5iTb minny 6eperoBOH 
jihhhh, jiHinb yKa3aB, b KaKOM MacuiTa6e Be^yrcH H3MepeHHH. 

Ba^KHOCTb noHHTHfl $paKTajioB (KaK HHorjja Ha3biBaioT 4>paK- 
TajibHbie jihhhh, 4>paKTajibHbie noBepxHOCTH, a TaioKe cneKTpbi) 
6buia oco3HaHa cpaBHHTejibHo He^aBHo. 3Ha4HTejibHyio pojib 3,aecb 
cbirpajiH pa6oTbi poccHHCKoro MaTeMaTHKa KojiMoropoBa h aMepH- 
KaHCKoro MaTeMaTHKa MaH^ejib6poTa. Ceftqac MaTeMaraKH onpe^e- 
jihiot 4>paKTajibHbie MHOxecTBa KaK MHO^cecTBa apo6hoh pa3MepH0- 
cth. KaK MoacHO npe^CTaBHTb ce6e mhcwkcctbo (hjih npocTpaHCTBo) 
apo6hoh pa3MepH0CTH? noxajiyft, o^Ha H3 jiyniunx aHajionift — TaK 
Ha3biBaeMaa «TOjiCTaa» jihhhh, KOTopan HMeeT pa3MepHOCTb Meacay 

1 H 2. nOHCHHM 3TO B HeCKOJIbKHX CJIOBaX. MHOXeCTBO pa3MepHO- 
CTH 1 — 3TO npHMaH JIHHHH. MH02CeCTB0 pa3MepHOCTH 2 — 3TO iljioc- 

KocTb. PaccMOTpHM Tenepb Ha iijiockocth Herjia^Kyio KpHByio. OHa 
noao6Ha onncaHHio TpaeKTopHH KBaHTOBOH nacTHUbi (cm. rjiaBy 5). 
HanoMHHM Ham npHMep. npeanojioacHM, hto mw Ha6jno,aaeM 

3a ABH^eHHeM KBaHTOBOH ^aCTHUW HeBOOpy)KeHHWM TJia30M. Mw 

bh£,hm «TOJicTyio» jihhhk), cpe^Hee 3HaqeHHe kotopoh coBna^aeT 
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c KJiaccH4ecKoii TpaeKTopnen. O^HaKO, 3Ta «TOJicTaa» jihhhh curb- 
ho H3JiOMaHa. BHOBb Boop>OKHMca jiynoii h o6HapyxnM, hto Tenepb 
TpaeKTopwa yace He rjia^Kan, OHa coctoht H3 rjiajjKHx KycKOB c H3- 
jioMaMH. To4Hee, b Ka>K£OM 3jieMeHTe pa3pemeHHH, ^onycKaeMoro 
JIHH30H, jihhhh HMeeT h3jiom. QzjHaKO cpeOTHa jihhhh, npoBe,aeHHaH 
no 3thm KycKaM, coBna^aeT c KjiaccnqecKoft TpaeKTopwefl. Boopy- 

XHMCH MHKpOCKOITOM H 6y#eM paCCMaTpHBaTb Hia^KHH KycoK jihhhh. 
BHOBb Mbl 06Hapy)KHM, 4T0 OH B CBOK) OHepeflb COCTOHT H3 KyC- 
KOB MeHblUHX pa3MepOB, T02Ce DiaflKHX, HO C H3JIOMaMH. H TaK 
flO 6eCKOHC4HOCTH . 

IlocMOTpHM Tenepb, KaKOBa pa3MepH0CTb nojiyHHBUieftca kph- 
boh. IlocjieayeM HaeaM Xayoaop^a, kotopmh onpeaejraji pa3Mep- 
HOCTb TaKoro MHoacecTBa cjieayiomHM o6pa30M. IIoctpohm BOKpyr 
Ka^caoft T04KH kphboh KpyaconeK pa^nycoM e — * 0 ^ h no^cHHTaeM 
miomaab Bcex KpyaocoB S(e). IlpHHeM njioma^b nepeRpbiBaiomnxca 
Kpy^cKOB 6yz*eM y^HTMBaTb TOJibKO o#hh pa3. Iljioma^b Bcex Kpyac- 
kob 6yaeT y6biBaTb, xora 6bi noTOMy, hto mm yMeHbiuaeM njioma^b 
oflHoro KpyacKa. Ho 3aKOH y6breaHHH 6y#eT pa3HMH b 3aBHCHMoc™ 

OT CBOHCTB KpHBOH. ECJIH KpHBaH ITia^KaH, TO 3aKOH y6bIBaHHH, 

nocjie Toro KaK mm Bbi6wpaeM flocraTOHHO ManeHbKHe kp>okkh (pa- 

flHyC KOTOpblX MeHbUie H3rn60B KpHBOH), CTaHOBHTCH 3aKOHOM BHfla 

S ~ eL, r^e L — AJiHHa kphboh. ,H,jih kphboh, cocToameft H3 or- 
hoh tohkh (HyjibMepHoro MHoxecTBa), S(e) = e . ^jih njiocKOCTH 
(flByMepHoro MHO>KecTBa) S(e) = e°. 

fljia 4>paKTajibHOH kphboh S(e) ~ £ a . Ecjih 0 < a < 1, to 
njioma^b Bcex kpjokohkob y6biBaeT MezuieHHee, neM ,zyia Dia^KOH jih- 
hhh h 6bicTpee, neM ajih njiocKOCTH. OpaKTajibHaa KpHBaa 3aHHMaeT 
npoMe^cyTOHHoe nojioxeHHe Mexmy o^HOMepHOH kphboh h flBy- 
MepHOH noBepxHOCTbio. Ilo3TOMy 4>paKTajibHbie KpHBbie Ha3MBaK)T 
HHor^a tojictmmh jihhhhmh. CorjiacHo onpe^ejieHHK) Xaycaop4>a 

pa3MepHOCTb TaKOH KpHBOH eCTb 

dim = 2 — a, 

'^CipejiKa o6o3Ha4aeT, 4to e crpeMHTCH k Hyjiio, t. e. mm onHCWBaeM KpyacKH 
BOKpyr Kaac^OH tohkh HecKOJibKO pa3, KaacubiH pa3 6epn KpyaconeK MeHbiuero pamryca. 
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3,aecb cjieayeT OTMeTHTb, hto TaK onpeaejiaeTCH BHeuiHHH pa3Mep- 
hoctb. TepMMH «BHeuiHH5i» 03Ha4aeT, 4to zma onpeaejieHHfl pa3- 
MepHocTH MHoxecTBa HaM npHiujiocb BbiHTM 3a npeaejibi kphboh. 
CymecTByeT eme onpe^ejieHHe BHyrpeHHeft pa3MepHocTn. BHeuiHHH 
h BHyrpeHHHH pa3MepHOCTH HeMHoro OTJinnaioTCH jxpyr ot apyra, 
xoth h jieacaT Meac^y flByMH 6jiH>KaHiiiHMH uejibiMH qncjiaiviH. 

OpaicrajibHafl KpHBaa o,aH03HaHHo onpeaejiaeTCH ee cneicrpoM. 

fljIH (J)H3HKOB nOHHTHe (J)paKTaJIbHOH KpHBOH T6CHO CBH3aHO C IIOHH- 

thcm npoMe^KyroHHOH acHMnTOTMKM , KOTopan crpoHTCH no o6pe3aH- 
HOMy cneicrpy kphboh. TepMHH «o6pe3aHHbift cneKTp» 03HanaeT, mo 
4>paKTajibHyK) KpHByio ctpoht He no TO^HOMy cneicrpy, a no cneicrpy 

C HyjieBbIM BKJia^OM OT O^eHb HH3KHX HaCTOT H HyjieBbIM BKJia- 
flOM OT OHeHb BblCOKHX HaCTOT. Co CTOpOHbl 6oJIbUIHX flJIHH BOJIH 

hjih hh3khx 4acT0T cneicrp o6pe3aeTca BpeMeHeM Ha6jnoaeHHH T 0 
(t. e. npHpaBHHBaeTCfl Hyjno BejiHHHHa cneKTpajibHbix KOMnoHeHT, 

HaxoAHu^Hxca jieBee nacTOTbi v = T~ [ ). Co ctopohh bmcokhx na- 
ctot cneKTp o6pe3aeTca Ha nacroTe, onpeaejraeMOH pa3peuiaiomeH 
cnoco6HOCTbio npn6opa v f (t. e. npHpaBHHBaeTca Hyjno BejiHHHHa 
cneicrpajibHbix KOMnoHeHT, Haxoflamnxca npaBee MacTOTbi v r ). 

OpaicrajibHbiH cneKTp 3ejibflOBHHa— XappncoHa Henjioxo onn- 
cbiBaeT pacnpe^ejieHHe bh^hmoh Maccbi bo BcejieHHOH KaK b o6jiacra 
Majibix, TaK h b o6jiacra 6ojibuiHx MaciQTa6oB. KoHeHHo, 6ojiee ae- 
TajibHoe onncaHHe KpynHOMacurraGHOH CTpyicrypbi BcejieHHOH, no- 
BH^HMOMy, TpeGyeT npHBjieqeHHfl hobmx napaMeTpoB yace b hcxoa- 
hom cneicrpe — cneKTpe njiOTHoc™. 3aMeraM, hto aa>Ke nepBHHHbiH 
cneicrp 3ejib,aoBHHa— XappncoHa npn pacuinpeHHH h oxjia)K^eHHH 
BcejieHHOH craHOBHTca cjioxHee. B HeM B03HHKaiOT xapaKTepHbie 
MaciuTa6bi, oTBenaiomHe 3aTyxaHHio bojih onpeaejieHHoft ajiHHbi, 
ZUiHHa CBo6o,ijHoro npo6era nacrau h t. n. 

rpaBMTaUMOHHbIC BOAHbl 

IIomhmo B03MymeHHH njiOTHoc™ bo BcejieHHOH ^ojixeH npn- 
cyrcTBOBaTb CTOxacraHecKHH cneKTp rpaBHTaunoHHbix bojih. 

TpaBHTauHOHHbie bojihw (rpaBHTOHbi) — ranoTeTHqecKHe (ao 
chx nop) bojihm rpaBHTaunoHHoro nojin. KaK h arceicrpoMarHHT- 

Hbie BOJIHbl ((J)OTOHbl), OHH pacnpOCTpaHHIOTCfl CO CKOpOCTbK) CBeTa, 
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cnoco6Hbi nepeHOCHTb 3HeprHK), HMnyjibc, a cjie^oBaTejibHO, cjiy- 

)KHTb HCT04HHKOM HH^OpMaiJHH O CBOHCTBaX BemeCTBa. B 0TJIH4HC 
OT (J)OTOHOB ipaBHTaUMOHHbie BOJIHbl OHeHb CJia60 B3aHMO^eHCTByK)T 

c BemecTBOM h fiohth He noniomaioTCH hm. 3th CBOHCTBa rpa- 

BHTaUHOHHblX BOJIH OC06eHHO Ba>KHbI flJIH KOCMOJIOrHH, TaK KaK 

6jiaro^apa hm rpaBHTOHbi Moryr npHHocHTb HenocpeacTBeHHo hh- 
(J)opMauHio o caMbix paHHHX 3Tanax 3bojiiouhh Harnett BcejieHHott. 

C flpyrOH CTOpOHbl, 3TH >Ke CBOHCTBa rpaBHTaUHOHHblX BOJIH BbI3bI- 

BaiOT Tpy^HOCTH, c KOTopbiMH cTOJiKHyjiHCb 4>h3hkh npH nonbiTKax 
o6Hapy»CHTb rpaBHTauHOHHbie bojihm. 

rpaBMTaUMOHHO-BOAHOBafl aCTpOHOMHJI 

TpaBHTauHOHHbie bojihm 6mjih npe^CKa3aHbi A. Shhiutchhom 
cpa3y nocjie C03,aaHHa o6mett tcophh OTHOCHTejibHocra. Oh TaiQKe 
oueHHji bo3mo^khocth 3KcnepHMeHTajibHOH npoBepKH 3thx npejj- 
CKa3aHHH. Bo3mo)khocth He o6Ha,neacHBajra. 3,ojiroe BpeMa rpa- 

BHTaUHOHHbie BOJIHbl CJiyXHJIH KpaCHBOH HJUHOCTpaiJHeH e^HHCTBa 

rpaBHTauHOHHoro h 3jieKTpOMarHHTHoro nojiett. 

Bojibiuoe BHHMaHHe 6mjio npHBjieHeHO k hhm b 1969 r., Koma 
nocTynwjio coo6meHHe JXk. Be6epa 06 otkpmthh HMnyjibcoB rpa- 
BHTaijHOHHoro H3JiyHeHHH H3 ijempa TajiaKTHKH. Yace TpH^uaTb jieT 
(J)H3hkh nbiTaioTca o6Hapy»arrb HMnyjibCbi ot KOJiJianca, b3pmbob 

CBepXHOBblX 3863,0, HJIH CJIHflHHH HCHTpOHHblX 3Be3fl, HO flO CHX nop 

6e3pe3yjibTaTHo. 

B 2000 r. b CUIA Hanaji pa6oTaTb caMbitt qyBCTBHTejibHbift 
fleTeicrop rpaBHTauHOHHbix bojih. 3tot fleTeicrop coKpameHHO Ha3bi- 
BaeTCH LIGO, hto hbjihctch a66peBHaTypoft cjiob: jia3epHaa HHTep- 
(J)epoMCTpH4ecKaH rpaBHTauHOHHaa oGcepBaTopna. 3tot jjeTeicrop 
npe^CTaBJifleT H3 ce6a jia3epHbift HHTep(|)epoMeTp ManicejibcoHa. Oh 
coctoht H3 jxsyx nepneHflHKyjinpHbix njien, KOTopbie 3aKaHHHBaioTCfl 
3epKajiaMH c bmcokhm K03(J)(J)HUHeHTOM OTpa^KeHHfl. B yrjiy HHTep- 
4>epoMeTpa npoHcxo^HT HHTep(j)epeHUHH jiynett CBeTa H3 ^Byx njieH. 
H3MepeHHe rpaBHTauHOHHbix bojih — 3to H3MepeHHe BbicoKonacTOT- 

HblX HCKpHBJieHHH npOCTpaHCTBa-BpCMCHH. TaKHe HCKpHBJieHHH, 

—21 —23 

BHflHMO, He npeBbiuiaioT b 6e3pa3MepHbix e^HHHuax 10 z -10 

^JIH 3TOrO 4>H3HKH H C03flaJIH HHTep(J)epOMeTp C IIJieHOM flJIHHOH 
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b HecKOJibKO KHjioMeTpoB, cnoco6HWH perncTpHpoBaTb CMemeHHe 
3epKaji .zjpyr OTHOCMTejibHO apyra c T04HocTbio Jiyniue, 4eM 10~ 16 cm. 
Xora 3to npoeicr CUIA, b co3#aHHe rpaBHTauHOHHoii o6cep- 

BaTOpHH BHOC5IT BKJia£ CneiJHaJIHCTbl MHOrHX CTpaH, B 4aCTH0CTH, 

Pocchh. Pocchk) b npoeicre LIGO npejjCTaBjiaeT rpynna npo(J)ec- 
copa B. B. BparnHCKoro, oflHoro M3 aBTopHTeTHeiiiuHX coBpeMeH- 
hwx (J)H3hkob. LIGO zjejiaiOT b #Be 04epe^H. riepBbiii aeTeicrop 
6y#eT cnoco6eH perncTpnpoBaTb BbicoKonacTOTHbie hckphejichmh 
npocrpaHCTBa-BpeMeHH Ha ypoBHe 10~ 21 . BTopaa 04epe#b ^eTeicropa 
yace 6yzjeT cnoco6Ha peracrpHpoBaTb HCKpHBjieHna npocTpaHCTBa- 
BpeMeHH b cto pa3 Jiyqiue. 

TpaBHTauMOHHoe H3JiyHeHne 6bijio oTKpbiTo cjiy^aHHo; npoH30- 
iiijio 3to nocjie Toro, KaK acTpoHOMbi otkpwjih abohhoh nyjibcap 
(oh 6hji OTKpbiT b 1974 r.). B pe3yjibTaie flecarajieTHMX Ha6jnofleHHH 

y^aJIOCb BblHCHHTb, 4T0 nepHO^ .HBOHHOH CHCTeMbI, B KOTOpOH O^HH 

H3 KOMnoHeHTOB — nyjibcap, y6biBaeT. Oh yMeHbiuaeTca noTOMy, 
hto CHdeMa TepaeT 3Hepraio H3-3a rpaBHTaijHOHHoro H3JiyHeHHa. 
TeMn 3aMe^jieHHH nepno^a o6pameHMH b tohhocth coBna^aeT c TeM, 
hto npe^CKa3biBaeT o6man Teopwa oTHOCHTejibHoc™. Tax po^HJiacb 

rpaBHTaUHOHHO-BOJIHOBaH aCTpOHOMHH. 

OcHOBHan ee 3a#a4a — Ha6jno#eHHe npHMoro B03aeHCTBHfl 
rpaBHTauHOHHoro n3Jiy4eHH5i Ha aeTeicropbi. TojibKO nocjie 3Toro 
rpaBHTauHOHHO-BOJiHOBaa acrpoHOMHa npoHHo 3aflMeT CBoe Mecro 
cpe^H flpyrax HayK, aejib KOTopbix no3HaTb BcejieHHyio. 

QzjHa H3 ochobhwx npo6jieM, KOTopyio ^ojDKHa peuiHTb HOBan 
HayKa — HCCJie^oBaHwe 4>oHa rpaBHTaijHOHHbix bojih, nopo^caeH- 
hhx b paHHefl BcejieHHOH. riocmjibKy rpaBHTOHbi jxoxojvlt jxo Hac 
6e3 HCKaxeHHH ot 3nox, Koma TeMnepaTypa njia3Mbi 6biJia 6jih3- 
Ka k 10 32 K, to H3y4eHHe TaKHX rpaBHTauwoHHbix bojih eraHeT 

MOmHbIM HHCTpyMeHTOM He TOJIbKO B KOCMOJIOOIH, HO H B (])H3HKe 

3jieMeHTapHbix 4acTHU. 

HTO T3KOe rpaBHTaUMOHHO-BOAHOBOM <t)OH? 

KaK oh bo3hhk bo BcejieHHOH? KaKHe napaMeTpbi HMeeT cefl- 
4ac? KaKOH ero 4acT0THbift flnana30H? Bot Te Bonpocw, Ha kotophx 

Mbl OCTaHOBHMCH. ECJIH 6bl Mbl MODIH BHfleTb 3TOT (J)OH, TO 06Hapy- 

>khjih 6bi, 4to k HaM c pa3Hbix ctopoh npHxoflHT npuMepHO paBHoe 
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KOJiH^ecTBO rpaBHTOHOB, npnqeM hx hhcjio b Ka^bift npoMeacyroK 
BpeMeHH cjiynaHHO. Ooh 3tot rojukch 6brn> n30TponeH, tsk mo 
Ha6jiK)flaTejiK) noKaaceTca, hto oh noMemeH b uemp paBHOMepHO 
ocBemeHHofl c<t>epw. 

HacTOTa 3Toro 4>OHa, ecjiw nojib30BaTbca o6whhwmh TepMH- 
HaMH, cooTBeTCTByeT «uBeTy» c(J)epw, xoto, kohchho, b otjihhhc 
ot sjieicrpoMarHHTHoro BH^HMoro cneicrpa H3JiyneHHH, me npHHHMa- 
eMbie (J)OTOHbi HMeiOT ,iiHana30H npHMepHo o^mh mhkpoh, OTana30H 

ipaBHTOHOB 3HaHHTeJIbHO IUHpe. ^JIHHa BOJIHbl CaMblX HH3KOHaCTOT- 
HblX ipaBHTaUHOHHblX BOJIH, KaK H B03MymeHHH nJIOTHOCTH, CpaBHH* 

Ma c ropH30HTOM BcejieHHOH. CaMbie BwcoKonacTOTHwe rpaBHTOHbi 
Moiyr HMeTb njiaHKOBCKyio jyiHHy bojihw 10~ 33 cm. 

PO>KACHMC M 3BOAKDUMA rpaBHTaUMOHHO-BOAHOBOrO <|>OHa 

B npouecce pacinnpeHHH BcejieHHOH nacTOTa rpaBHTauwoHoii 
BOJiHbi h ee aMnjiHTyzja nocTOHHHO h3mchhiotcsi. HacTOTa Bcer^a 
yMeHbiuaeTca, aMiuiHTyaa MoaceT KaK yMeHbinaTbca, TaK h pac™. 
Ha cTajiHH hhcJwihuhh aMnjiHTy^a rpaBHTauHOHHwx bojih pocjia H3-3a 
CBepxa^Ha6aTH4ecKoro ycHjieHHH. TaKOH MexaHH3M HMeeT aHajiora 
b o6m4hoh jia6opaTopHofl 4>H3HKe. Oh Ha3biBaeTca napaMeTpnqec- 

KHM yCHJieHHeM. 

B pe3yjibTaTe TaKoro npouecca ycmieHH$i B03HHKaeT 4>oh rpa- 
BHTauHOHHbix bojih c yace 3HaKOMbiM HaM cneicrpoM 3ejib,aoBH4a— 
XappHCOHa, TOHHee, cneKTpajibHwft hhh&kc 3Toro (J)OHa rpaBHTa- 
UHOHHbix bojih nyrb MeHbiue, qeM y CTaHaapraoro HZ cneicrpa. 
HeM zuiHHHee BOjiHa, TeM 6ojibiue ee aMnjnrryzja. Be3pa3MepHaH aM- 
iuiHTyaa rpaBHTauHOHHoro (Jx>Ha onpeaeJiaeTCH 3HepraeH jioatHoro 
BaicyyMa CKajiapHoro nojra. 

IlOCJie OKOHHaHHH HH$JIflUHH Ha HeKOTOpblX CTaflHHX 3BOJIIOIJHM 

Trace Moryr peajiH30BaTbCH ycjiOBHa CBepxa£Ha6aTH*iecKoro ycHJie- 
hhh. OflHaKO, ajih Ka^moft bojihw ecTb MOMem BpeMeHH, nocjie 
KOToporo aMnjiHTy^a bojihw TOJibKO yMeHbiuaeTca. 3to momcht pa- 
BeHCTBa fljiHHbi BOJiHbi h pa3Mepa ropH30HTa qacrau bo BcejieHHoft. 
Y^o6ho npHHHTb TaKOH momcht 3a TOHKy oTcneTa, Tor^a Ha6jno,aa- 
eMyio b coBpeMeHHbitt momcht BpeMeHH qacTOTy bojihw uo moxho 

Bbipa3HTb npOCTOH 3aBHCHMOCTbK) OT TCMnepaTypbl Tg B TOT MOMCHT 
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BpeMeHM! 



i^o = 2 • 10~ 8 — 9 —Tn. 

1T3B 



IlpHBeaeHHoe 3,aecb BbipaxeHne aaeT cBH3b Me>K^y TeMnepaTy- 
poH 3noxn T g u coBpeMeHHOM nacTOTOH rpaBHTaunoHHoft bojihw Vo, 
KOTopaH «3anoMHHJia» xapaicrepHCTHKH toh snoxw. 

Bjiaro^apa coBpeMeHHWM AeTeicropaM, pa6oTaiomHM Ha nacTo- 
Tax 1 kTlx, mo>kho mynajb coctohhhc BcejieHHoft npw TeMnepaType 
10 11 YbB, 4to 3HaqHTejibHO Bbime Tex 3Heprnn, jxo kotophx Moryr 
pa3orHaTb 3JieMeHTapHbie nacTMUbi coBpeMeHHbie ycKopniejin. 

BOCCTdHOBACHHC flOTCHUHdAd MH<t>A5IUHH 

Bo BpeMfl hh^jihuhh poxc^aioTCfl B03MymeHMH ruioTHocTH h rpa- 
BMTaunoHHbie BOJiHbi. FIopoacaeHHbie KOjie6aHHH npe^cTaBjiflioT H3 
ce6a flBa He3aBHCnMbix CToxacraqecKHX Ha6opa bojih pa3JiHHHOH 
npupoflbi. 

FIocKOJibKy npnpo#a reHepnpyeMbix bojih pa3JiH4Ha, to m 3a- 
BHCMMocTb hx aMnjiHTy^ ot napaMeTpoB h xapaKTepucraK HecTaun- 
oHapHoro npouecca, ynpaBjraiomero HHcJxjiflUHeft, Taicace pa3JinHHa. 
HMeHHO 3to pa3JiH4He no3BOJiiieT, 3Han no OTflejibHocra aivinjiHTyzjy 
bojih njioTHOCTH m aivinjiHTyzjy rpaBHTauHOHHbix bojih, BOCCTaHa- 
BjiMBaTb pa3^M4Hbie xapaKTepucTHKH noTeHUMana CKanapHoro nojia, 
ynpaBJiaiomero nHtJxjiHUHen. ,3,pyrHMH cjiOBaMH, 3to no3BOJineT pe- 
KOHCTpynpoBaTb (j)H3HKy 3jieMeHTapHbix nacrau b o6jiacra 3Hepraft 
10 16 T3B. 

IlpaBHJia, no kotopmm moxho BoceraHaBJinBaTb noTeHunaji B3a- 
MMoaeftCTBHH b 3toh oGjiacTH 3HeprHH, npocTbi. Ohh 6bum c$op- 
MyjinpoBaHbi HecicojibKHMH cneunajiHCTaMH, b qacTHoc™ rpynnoM 
noR pyKOBo^cTBOM 3HaMeHMToro aMepHKaHCKoro KOCMOJiora Pokm 
Koji6a. HecKOJibKO jieT Ha3a# poccHHCKO-HTajibHHCKoft rpynnon 6bi- 
jia c^ejiaHa nonbrrjca pacuiM^poBaTb <j)opMy noTeHuwajia. Ycnex hjih 
Hey^ana? OTBeTa noKa HeT. 
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KaK yace, BepoaTHO, ycneji 3aMeraTb HHTaTejib, b KHHre ao- 
BOJibHO nacTo onwcwBaiOTca MQZjejin BcejieHHoii. Hto 3to TaKoe? 
MoaejibK) BcejieHHoii b KOCMOJioran Ha3biBaeTca Teopna, b paMKax 

KOTOpOH y^OBJieTBOpHTeJIbHO OnHCblBaiOTCH OflHH HJIH HeCKOJIbKO 

ochobhhx npn3HaKOB peajibHOM BcejieHHOH. CicaaceM, $pM^MaHOB- 
CKaa Mo^ejib MHpa xopouio onncbiBaeT 3bojik>uhio oflHopo^Hoii 
m H30TponHoft BcejieHHOH, xora caMa BcejieHHaa, eciecTBeHHO, 
3HaHHTejibH0 6ojiee cjio)KHoe o6pa30BaHHe. 

Cjiobo «Mo^ejib» npnuiJio b KOCMOJioraio H3 (J)H3hkh ajieMeH- 
TapHbix nacTHu. B hch Taioice cymecTByeT MHoro MO^ejiefl, KOTopbie 

OIIHCblBaiOT BSaHMO^eHCTBHH B o6jiacTM BblCOKHX 3HeprHH. HajiH- 

4He MHorax Mo^ejieft — Bee paBHo hto cymecTBOBaHHe MHorax 

4>H3H4eCKMX TeopMH, KOTOpbie OIIHCblBaiOT 3TH B3aHMO^eHCTBMH. 
OHH O^HHaKOBO XOpOIUO OnHCblBaiOT B3aMMO^eHCTBHH B HH3K03Hep- 

reTMHecKott o6jiacra, cicaaceM, HH)Ke 3Heprail 100 TbB, ho aaioT 
pa3JiM4Hbie npe^CKa3aHHa ana 6ojiee bmcokhx 3Hepraft B3aHMoaeft- 

CTByiOIUHX HaCTMU. ripOHCXOflHT TaK nOTOMy, 4TO B03M02CH0CTH 3KC- 
nepMMeHTaJIbHOH (J)H3HKH 3HaHHTCJIbHO OTCTaiOT OT nOTpe6HOCTeft 

TeopeTH^ecKOH (J)H3hkh. 

Taicaa ace CHTyauwa c onwcaHHeM paHHHX cTaanii pa3BHTMH 
BcejieHHoii. Ojjho M3 ochobhwx cbohctb hh4)ji»uhh — nocroa hctbo 
napaMeTpa Xa66jia b Te^eHHe HeKOToporo BpeMeHH (3to BpeMa Ai 
aojdkho y^oBJieTBopflTb HepaBeHCTBy AtH > 70). 3to — HeoGxo^H- 
Moe ycjioBHe. Ho 3TOMy ycjiOBHio yaoBJieTBopaiOT cjihiiikom MHoro 
Moaejiew. KocMOJiorw paccMaTpHBaiOT HHtJuiauHOHHyio craAHio, ko- 
Topaa o6ecne4HBaeTca o#hhm mjih #ByMa CKajiapHbiMH nojiaMH, 
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oGjia^aiomMMH Maccoft hjih He o6jia^aiomnMH Maccoft, jiHHeftHbiMH 

HJIH HeJIMHeHHbIMM nOJIHMH H t. n. 

OnwcaTb Bee Mcaejiw hh(J)jihuhm, aaace b cneuwajibHOM Tpy#e — 
3a,aaqa Hejiencan, KdaTH cica3aTb, m Heo6fl3aTejibHaa. DiaBHoe ot- 

JIMHHe OflHOM MO^eJIM HHCjXJmUHH OT ApyrOH — B pa3JIHHHbIX BHflaX 

noTeHUMajia CKajiapHoro norm hjih b Bbi6ope HecKOJibKHX CKajiapHbix 
nojieft, KOTopwe co3^aioT hhcJxjihuhio. 3,aecb a paccicaaty o HecKOJib- 

KHX CaMblX MHTepeCHblX MO^eJIHX hh^jihljhh. 

«HOBblH» HH<t>AHl|HOHHblH CUCHapHH 

TeopHa HH(j)JIHUHOHHOH BcejieHHoft, nOCTpOCHHaH B 1980-x ro- 
aax AnaHOM TycoM, pemajia npoGjieMy ropn30HTa, iuiockocthocth 
h t. n., ho oHa aaBajia HeBepHbie npe£CKa3aHHH o xapaKTepwcraKax 
cneicrpa B03MymeHHH ruioTHoc™. KcTara, aBTop Ha3Baji CBoe npo- 
M3Be#eHHe hobwm cjiobom — cueHapnft; cjie^ya 3Toiviy npHMepy, mm 
TO>Ke 6yn,eM ynoTpe6jiHTb Taicoft TepMHH zyia o603Ha4eHna TeopwH. 
Ilo3TOMy AH^peft JlHH^e h H63aBncHMO ot Hero AjiaH Tyc co cbomm 
coTpy^HHKOM n. CreftHxapflOM pa3pa6oiajin HOByio TeopHK), Ha3BaB 
ee HOBbiM cueHapHeM. 

B 4eM npHHUHnwajibHoe otjihmhc #Byx cueHapweB hh(|)jihuhh 
bo BcejieHHoft? DiaBHoe 0TjiH4He — b 4>opMe noieHUHajia, aaxe 
He b caMow (J)opMe, a b pa3Hoft 4>opMe caMoft BepmnHbi, KOTopan Ha- 
xoottcji b6jih3h 0 = 0 h onHCbiBaeT cocTOflHHe (J)ajibiunBoro Baicyy- 
Ma. B dapoM cueHapHH noTeHuwaji b6jih3m Hyjra hmcji HMKy. IIIapHK, 
KOTopbitt npcacTaBJiaeT cocTOHHwe iiojih, 3aKaTbiBaeTCH b 3Ty HMKy 
bo BpeMH npe^inecTByiomeH CTa^HH bbojiioumh h HaxoflHTca b Heft 
aodaTOHHo ^ojiro zuih Toro, hto6m pa3BHJiacb hhcJxjihuhh. riocjie 
TyHHejiHpoBaHHH (npouecc TyHHejinpoBaHHH o6i>HCHajicH b rjiaBe 8) 
bo BcejieHHoft npoHCxo^HT npouecc 4>a30Boro nepexo^a. B He6ojib- 
inoft o6jiacTH npocTpaHCTBa HaHHHaiOT o6pa30BbiBaTbca «ny3bipn» 

HOBOM 4>a3bl — COCTOHHHH CKajlHpHOrO IIOJIH C HapyiUeHHOH CHMMe- 

TpweH, KOTopbie 6biCTpo oxBaTbmaioT Bee npocipaHCTBo. BcejieHHaa 
«BCKnnajia» hoboS 4>a30ft. 3to TaK Ha3biBaeMbift 4>a30Bbift nepexoa 
nepBoro po^a. 3ia Mo^ejib HMejia KpynHbift He^ocTaTOK. riy3bipH, 3a- 
iiojihhh npocipaHCTBo, CTajiKMBajiHCb CTeHKaMH, o6pa3ya 6ojibmoft 

KOHTpaCT IUIOTHOCTH. fljlfl TOfO, HT06bI H36e^aTb 04eHb 60JIblUHX 
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4)JiyKTyaunft hjiothocth, h 6blji npnayMaH hobmh cueHapHH hh(J)jih- 
uhohhoh BcejieHHoft. 

IloTeHUMaji CKajiHpHoro nojia b hobom hhcJxjihuhohhom cueHa- 
pHM H3o6pa^ceH Ha pnc. 10.1. B Hanajie Koop^MHaT, npw coctohhhh 
(J)ajibuiHBoro BaKyyMa, noTeHuwaji noqra njiocKHM. 




Pmc. 10.1. Ha pucyHKe M3o6pa>KeHa (J>opMa noTeHunaAbHOki 3Heprnn AyoAeia cKa- 
AsipHbix noAeM. Tenepb 3HepreTHHecKMM 6apbep Ha BepiuuHe noTeHunaAa, KOTopaa 
cooTBeTCTByeT coctojihmio AOKHoro BaKyyMa, OTcyrcTByeT. LJJapMK, M3o6pa>KaiomkiPi 
noTeHUMaAbHoe noAe, b HanaAe mh^aauhh HaxoAMTca «noHTki» tohho b uempe, mam 
nonaAaeT HeAaAeKO ot uempa M3-3a (J>AyKTyauMM CKaAapHoro noAa. lloTeHUMaA b 3tom 
MecTe MMeeT oneHb noAorMM ckaoh. LLIapMK KaTMTcs no TaKOMy CKAOHy mcaa^hho. 
Bo BpeMsi CKaTbiBaHMA 3HeprMJi AOXHoro BaKyyMa iiohtm nocTOAHHaa, napaMeip Xa66Aa 

MeHJieTCfl OHeHb M3AO, nDOMCXOAMT MH(t>AflUMfl 

BHOBb BcnoMHHM HauiH aHajiorMM Me^ay cocTOHHweM cica- 
jiapHoro nojiH b noTeHUMajie onpeaejieHHofi (J)opMbi h mapHKOM, 

KOTOpblH CKaTblBaeTCH no nOBepXHOCTM TaKOH ace (})OpMbI B O^HO- 

POahom rpaBMTauMOHHOM nojie. UlapMK, nojioaceHHbiii Ha TaKyio no- 
BepxHOdb, 6yaeT KaTMTbca no Heft ^ociaTOHHO aojiro, npeacne hcm 

CKaTHTbCH B HH)KHHH )KeJI06, KOTOpblH COOTBCTCTByCT COCTOHHHK) 

HCTHHHoro BaKyyMa b HaiueM MHpe. B aHDioH3bi4HOH jiHTepaiype 
3a TaKHM pexHMOM 3aKpennjica TepMHH «slow-rolling», mh TO>Ke 
6yaeM ynoTpe6jiHTb btot TepMHH, TOJibKo b nepeBO^e Ha pyccKHH 

H3MK — pe)KHM MeflJieHHOrO CKaTblBaHHH. 

CKajiapHoe nojie 3a BpeMH cicaTbiBaHHH MeHaeTCH aocTaTOHHO 
CHjibHO, a noTeHUHajibHan 3Heprw» nojia npaKTHHecKH He MeHHeTcn! 
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3Ha4HT, odaioTCH nocTOHHHbiMM CKopocTb pacuiHpeHHH BcejieHHOH 
h BejiHHHHa napaMeTpa Xa66jia. 

CicaTbiBaHHe uiapHica b >Kejio6 cooTBeTCTByeT HapyiueHHio cmm- 
MeTpHH coctohhhh cKajrapHoro iiojih, o6pa30BaHMio Mace y 3Jie- 
MGHTapHbix nacrau, nepexoay nojra H3 coctohhhh jioxHoro BaKyyMa 
b cocTOHHHe HCTHHHoro BaKyyMa, KOHixy hh^jihumh h Hanany 4)pH£- 
MaHOBCKoro pexHMa paciimpeHHH. 

IlpH CKaTbiBaHHH nojra bhh3 no noTeHUHa/iy H3 Majibix Ba- 
KyyMHbix (J)jiy KTy aixn m CKajrapHoro nojia o6pa3yiOTC5i cJxjiyKTyauHH 
3Ha4HTejibHO MeHbuiMe no aMnjiHTyae, 4eM npeac^e; ohm $opMHpy- 
k)t nepena^bi njioTHOCTH Ha ypoBHe 10~ 4 ot cpe^Hett iijiothocth. 

OflHaKO 3TOrO KOHTpaCTa njIOTHOCTM fl0CTaT04H0, 4T06bI yace b HauiH 

anoxM c4>opMnpoBajiacb KpynHOMaciiiTa6Haji crpyicrypa BcejieHHOH, 
rajiaKTMKH, 3Be3#bi b rajiaicraKax, HaKOHeij, roiaHeTbi, h B03HHKJia 

2CH3Hb Ha HHX. 

HOBblH HH(J)JIHUHOHHbIH CljeHapHH npO)KHJI HeCKOJIbKO TOT. 

BeHHasi hah xaoTHHecKan hh^ahuhsi 

Ecjih nepBaa Mo^ejib hh^jihuhh, KOTopyio npH^yMaji A. Tyc, 
6bijia ocHOBaHa Ha noTemmajie, kotopmh kocmojio™ «no3aHMCTBO- 
BajiH» y 4>m3hkob, to yace «hobwh cueHapHH» 6mji ocHOBaH Ha no- 
TeHUHajie, npH^yMaHHOM caMHMH KOCMOJioraMH. dcajrapHoe none 
h ero noTemjHaji, Haft^eHHwe 4>H3HKaMH, KaK oKa3ajiocb, He modih 

BnHCaTbCfl B KOCMOJIOrHK). 

H^ea hh4)jihuhh OKa3ajiacb dojib npoayicraBHOH, hto acrpo- 

HOMbl H (J)H3HKH npeflnOHJIH OTKa3aTbCfl OT TOrO nyTH, KOTOpblH 

noacKasbiBajicH pa3BHraeM tcophh 3jieMeHTapHbix Hacraij, h H30- 

6peTaTb CBOH C06CTBeHHbie MOfleJIH, CBH3aHHbie TOJIbKO C KOCMO- 

jioraeft, ho He cB5i3aHHbie c onwcaHweM 4>m3hhcckmx B3aHMo^eft- 

CTBHH. 

/Jjih cKajiHpHoro nojra, KOTopoe co3^aBajio hh(J)jihuhio b paH- 
Heft BcejieHHOH, 6mji npmjyMaH cneuHajibHbift TepMHH «HH4>jiaTOH». 
CBH3b ero c (J)H3hkoh 3JieMeHTapHbix Hacrau aojiroe BpeMa He o6cy- 
agjajiacb. TaK npoH30iiuio cmibHoe H3MeHeHHe B3rjra#oB KOCMOJioroB 
Ha TeopHio paHHeft BcejieHHOH. 
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BcKope Aropeft JlHH^e npuflyiviaji hobhh cueHapHH «Be*iHa5i 

Hh4)JIHUH5I». ^JIH 060CH0BaHHH 3TOrO CUeHapHH OH B3HJI nOTeHIJHajI 

npoereHiiiero BHfla: cicajrapHoe nojie 6e3 caMo^eftcTBHa, ho c Mac- 
coh. Macca 6biJia Bbi6paHa He6ojibiuoH ajih Toro, 4to6m ckjioh 
noTeHUHana 6mji nojiorHM. 3to 6mji nepBbift npwMep noTeHixwajia 
6e3 coctohhhh c (frajibiiiHBbiM BaicyyMOM. CKajiapHoe nojie HMe- 

JIO TOJIbKO OflHO BaKyyMHOe COCTOflHHe, KOTOpoe HaXOflHJIOCb KaK 

h y BCHKoro nojiH npn HyjieBOM 3HaqeHHH aMmiHTyflbi nojia. 

BHOBb BepHeMCH k Hauieft aHajioran c uiapHKOM, KOTopbift 
KaTHTca no napa6ojie. Ecjih noBepxHOdb oneHb noKaTaa, to inapnK 
KaraTca Me^jieHHO. PeajiH3yeTca peacHM «MefljieHHoro CKaTbiBaHHH». 

BcnoMHHM Tenepb o napaMeTpH^ecKOM ycwjieHHH (JmyKTyauHii 
CKajiapHoro nojia, onncaHHOM b npe^biaymeii rjiaBe &jih Toro, 4to6m 
no,opo6Hee onncaTb 3bojiiouhio CKajrapHoro nojia b oahoh tohkc 
npocTpaHCTBa. 

OjiyKTyauHH CKajiapHoro nojra npeacTaBjineT H3 ce6a Bojmy. 
Sbojuouhh bojih b pacuiHpniomeHCH BcejieHHoii ouiHqaeTca ot 3bo- 

JIIOUHH BOJIH Ha CTaiJHOHapHOM npOCTpaHCTBe-BpeMCHH. IljIOCKaH 

BOjiHa b iijiockom npocTpaHCTBe BpeMCHH pacnpocTpaHaeTca, He H3- 
MeHHH cbohx ochobhmx xapaicrepHCTHK — aMnjIHTyZJbl H ,0JIHHbI 
BOJiHbi. B pacuiHpaiomeMCH npocTpaHCTBe aMiuiHTyzja bojihh H3- 
MeHHeTca no aflHa6aTHHecKOMy 3aKOHy (o6paTHO nponopunoHajib- 
ho Macurra6HOMy <J>aKTopy), ecjiw oTcyrcTByeT MexaHH3M ycwjieHHH 
BOJiHbi. fljiHHa bojihh Bceraa yBejiHHHBaeTca no a^HaearaHecKOMy 
3aKOHy. 

B anoxy, Koraa ;yiHHa bojihh MeHbiue, qeivi pa3Mep ropH30H- 
Ta BcejieHHOH, aivinjiHTyaa MeHaeTCH no a^na6a™HecKOMy 3aKOHy, 
He ycujiHBaflcb. B 3noxy, Koraa juiHHa bojihh 6ojibiue ropH30H- 
Ta, Moryr pa6oiaTb MexaHH3Mbi ycHJieHHH. Bo BpeMa hh(J)jihuhh 
pa6oTaeT MexaHH3M napaMeTpn4ecKoro ycHJieHHH. Pa3Mep ropw30H- 
Ta BcejieHHoft bo BpeMa hhcJwihijhh — BejiHHHHa npH6jiH3HTejn>HO 
nocTOHHHaH. ^JiHHa bojihh padeT nponopunoHajibHO Macnrra6HO- 
My 4>aKTopy. BojiHa, fljiHHa KOTopott 6biJia nepBOHa^ajibHO Kopo- 
qe, hqm pa3Mep ropH30HTa, pacTHraBaeTca o6mHM pacinnpeHHeM 
h daHOBHTCH ^jiHHHee pa3Mepa ropH30HTa. HanHHan c 3Toro mo- 
MeHTa, ee aMnjiHTyaa «3aMopaxnBaeTca». OHa ociaeTca npHMepHO 

nOCTOHHHOH BnjIOTb #0 MOMeHTa OKOHHaHHH HHC^JIHIJHH (eCJIH OH 
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HacTynaei) l \ Bojihh cKajrapHoro nojia cKjia^HBaiOTCH. Kohchho, 
3HaK bojihh 3aBHCHT ot ee 4>a3bi, KOTopaa hbjihctch cjiyHaiiHOH 

BeJIHHMHOH (3TO CBOHCTBa CJiyHaHHblX nOJieft, B HaCTHOCTM cjiy- 
HaHHOrO B03MymeHHH IUIOTHOCTH). riosTOMy 3HaHeHMe CKajiHpHoro 

nojifl b Bbi6paHHoft TOHKe npocTpaHCTBa MoaceT KaK pacra, Tax 
h y6biBaTb. J\m Hac BaatHO, hto 3HaneHHe CKajrapHoro nojin moxct 
pacra. 

CicajiflpHoe nojie Ha noTeHijHajie, kotopmh MMeeT 4>opMy KaK 
Ha phc. 10.2, MeHaeTCH H3-3a #Byx npuHHH. riepBaa — «CKaTbiBa- 
HHe» CKajinpHoro nojia k nojioxeHHio paBHOBecHfl, KOTopoe jiokht 
npn 0 = 0. riojie H3-3a «cKaTbiBaHHH» yMeHbiuaeT cboio bcjihhh- 
Hy. BTopan npHHHHa — H3MeHeHHe aMnjiHTy^bi nojin H3-3a pocia 
4>jiyKTyauHH. Ilojie MoaceT KaK pacra, TaK h yMeHbuiaTbCfl. Ecjih a\i- 
njiHTy^a nojm yMeHbiuaeTCH H3-3a npouecca ycnjieHHH 4>jiyKTyauHH, 
to yMeHbmeHHe aMnjiHTyzjbi nojin, Bbi3BaHHoe npoueccoM «cKa- 
TbiBaHH5i», CKjia^biBaeTCH c yMeHbiueHHeM aMiuiHTyzjbi nojm H3-3a 
ycHjieHHH (JwiyKryauHH, npH6jiH^caH kohcli; hhcJwihuhh. 




Pmc. 10.2* 3Aecb M3o6paxeH noTeHUMaA npocTePiwero BMAa. Oh npeACTaB/weT 4>yHK- 
uwo, KOTopaa 3aBMCMT ot noAsi <f> KBa ApaTM m h biM o6pa30M. rpa<t>m< npeAcraBAjieT 
M3 ce6a napa6oAy, KOTopaa npoxoAMT nepe3 HOAb. Oop/v\a kpmboh 3aBncnT TOAbKO 
ot OAHoro napaMeTpa — Maccbi cKaAapHoro noA9. OHa Bbi6paHa He6oAbwoH, HTo6bi 

nOTCHUMaA SIBAflACfl nOAOrOM KPMBOM. LLIapMK, M 306pa>Ka KDLUM V\ noTeHUMaAbHoe noAe, 

b HanaAe mh^ajiumm HaxoAMTca «noHTM» Ha ckaohc b tomkc A . kl3-3a Toro, hto KpkiBaa 
5iBA5ieTC5i noAoroH, CKaAapHoe noAe «CKaTbiBaeTC5i» k noAOxeHmo paBHOBecMJi mcaa^h- 
ho. MeAAeHHoe CKaTbiBaHMe rapam>ipyeT mcaachhoc M3MeHeHne napaMeTpa Xa66Aa, 

paCLUMpeHMe BceA€HHOM nOHTM no 3aKOHy 3KCnOHCHTbl M pO>KAeHMe He60AbLUMX 
B03MyLUeHMM nAOTHOCTM 



' EiocTOHHCTBO aMruiHTynbi 03HaMaeT pod Ha $0He aHHa6aTH4ecKoro y\ieHb- 
iueHHH aMiuiHTy^w apyroft bojihh, JXJiMHa kotopoh 3HaHHTejibHO MeHbme pa3MepoB 
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Ffpoueccbi 3Ha4HTejibH0 HHTepecHee B03HMKaiOT b tom cjiy- 
4ae, Koma H3MeHeHne aMnjiHTy^bi nojw H3-3a cKaTbiBaHHH h H3-3a 

yCMJieHHH 4>JiyKTyaUHH HMdOT pa3Hbie 3HaKH. 

Ecjih 3HaHeHHe CKajrapHoro nojia 3Ha*iHTejibHO npeBbiinaeT 
njiaHKOBCKoe 3HaHeHHe, CKaxeM, <f> ~ 10 4 m pl , to pod (JuiyKTy- 
auMH 3Toro iiojih 6yaeT 6ojibiue, hcm y6biBaHHe BejiHHHHbi iiojih 
M3-3a «CKaTbiBaHHH»! Ilojie HaHHCT MejyieHHO «Kapa6KaTbCH» BBepx 
no CKJiOHy. KoHe^HO, ajih peajiH3auHH TaKoro npoaecca mh^jihuhh 
Heo6xo^HMo HecKOJibKo ycjioBHii, b HacTHocra, Majioe 3HaneHMe 
co6cTBeHHoft Maccbi nojia. 

BaxHaa oco6eHHOCTb 3noxH hh(J)jihuhh coctomt b tom, hto 
o6jiacTM BcejieHHoft, pa3^ejieHHbie paceroHHHeM, 6ojibuiHM hqm 
pa3Mep ropn30HTa nacrau H ~ l , 3BOjnouHOHnpyiOT npaicraHecKH He- 
3aBncHMO #pyr ot ^pyra. TaK npoHcxo^HT noTOMy, hto #Be tohkh, 
pa3#ejieHHbie paccroflHHeM, 6ojibiiiHM hqm ropH30HT, y^ajuiiOTca 
#pyr ot apyra co cKopocrbio, npeBbimaiomeii cKopocTb cBeTa! Ha^o 

3aMeTHTb, 4T0 npOTHBOpeHHH CO CneiJHaJIbHOH TeopMeH OTHOCMTeJIb- 
HOCTM 3AeCb HeT. CKOpOCTb y^ajieHHH V He HBJIHeTCH CKOpOCTbK) 

KaKoro-jiw6o CHraajia. KaK cjie^cTBMe, jifo6oh HaGjuo^aTejib cMoaceT 
BM,aeTb TOJibKo Te npoueccbi, KOTopbie nponcxo#OT BHyrpw #oMeHa 
BcejieHHoii c o6i>eMOM, paBHbiM Ky6y pa3MepoB ropM30HTa. 

BaxHoe cjie^CTBMe 3Toro ziocraTOHHo o6mero yTBepacaeHHH 3a- 
KjnoHaeTCH b tom, 4to npoueccbi b 3noxy hhcJxjihuhh, KOTopbie 
n^yr BHyrpw flOMeHa pa3MepoM ~ H~ l 9 npoHcxo^HT He3aBMCHMO 
ot npoueccoB, KOTopbie H^yr b coce^HHx o6jiacrax BcejieHHOH. 
PacuiHpeHne jiByx o6jiacTeft, pa3,aejieHHbix paccTOHHMeM nopaaica 

H~ l , He CBO^HTCH K npOHHKHOBeHHK) o^hoh o6jiacTH Ha Teppuro- 

pnio apyroft, He cbo^htch k «no)KHpaHHio» o^Horo flOMeHa ApyraM. 
PacumpeHne Ka^oft H3 o6jiacTeft npowcxoflHT BHyrpn o6i>eMa, ro- 
nycKaeMoro o6meft Teopneft oTHocHTejibHocra. FIo3TOMy Kax^bift 
WMeH c HaqajibHbiM pa3MepoM, npeBbiuiaiomHM H~ l , moxct pac- 
CMaTpwBaTbCH KaK OTOejibHaa BcejieHHaa. 

Tenepb paccMOTpMM 3bojik)uhio TaKOH MHHH-BcejieHHOH c yne- 
tom pacTymwx KBaHTOBbix (JxjiyKTyaijHH CKajiapHoro nojiH. Ha- 
qajibHoro 3Ha4eHna cKajiapHoro nojia, npeBbimaiomero Ha MHoro 
nopa^KOB njiaHKOBCKoe 3HaqeHne, bch BcejieHHaa ycjioBHO «pa36n- 
Ta» Ha oxaejibHbie o6jiac™ nopa^Ka JT -1 . Bo3bMeM o^Hy o6jiacTb. 
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3a BpeMH nopH^Ka At ~ H~ o6i>eM paccMaipMBaeivioro #OMeHa bh- 
pacTeT b e 3 « 30 pa3, oh oKa^ceTCH pa3^ejieHHbiM Ha 30 oraejibHbix 

TOMeHOB, B KOTOpblX 3BOJHOIJHH 6y^eT npOTeKaTb He3aBHCHMO. B Bbl- 

^ejieHHOM flOMeHe ycHjraTcn (|)jiyKTyauHH cKanapHoro nojia. IIpH- 
MepHO b nojiOBHHe cy6^oMeHOB hx 3HaK coBna^eT co 3HaKOM cpefl- 
Hero H3MeHeHH5i CKajrapHoro nojra h b TaKnx cy6#OMeHax hh^jihuhh 
HaHHeT npeKpamaTbCH. B apyrott nojioBHHe 3HaK (JuiyicryauHH nojra 
OKa^ceTCH npoTHBonojioxHbiM 3HaKy cpe^Hero H3MeHeHHH. B Taicnx 
cy6flOMeHax cicajrapHoe nojie BbipacTeT no a6cojnoTHoii BejiHHHHe. 
HH(J)ji5mnH b hhx npo^ojKKMTCfl. B cjie^yiomHH HHTepBan BpeMeHH 
nopa^Ka At ~ H~ l o6i>eM Ka:»gjoro cy6#OMeHa, b kotopom hh4>jih- 
Uhh npo^ojiacaeTcn, BbipacTeT onaTb npHMepHO b 30 pa3, a cicajrapHoe 
nojie b 15 hobwx cy6#OMeHax yMeHbiiiHTca no a6cojiiOTHOH bcjihhh- 
He, mo b HauieM paccMOTpeHHH 03Ha4aeT npeKpameHwe hhc^jihuhh, 
a b 15 ocTaHeTca Ha npe>KHeM ypoBHe hjih ^aace yBejiHHHTca. 

B MoaejiH c npaBHjibHbiM no,a6opoM napaMeTpoB o6i>eM, b ko- 
topom nocTOHHHo H^eT hhcJxjihuhh, oicaaceTCH 6ojibiue, ^eM o6i>eM, 

B KOTOPOM HH(J)JiaUH5I JOKe 3aKOH4HJiaCb. AH^peft JlHH,ae Ha3BaJI 
TaKOH CUeHapHH «Be4H0H, HJIH Xa0TH4eCK0H HH(J)JI»UHeH». 

HiaK, ecjiH bo BcejieHHon me-jiH6o cymecTByeT 3HaneHHe no- 
jih cj> flOdaTOHHO 6ojibiuoe no BejiHHHHe, to b 3tom MecTe HaqHeTca 

BeHHafl HH(J)JIHUH5I. BpeMH OT BpeMeHH B pa3JIHHHbIX HaCTHX 3Toro 

AOMeHa, KOTopbie yace caMH no ce6e Moryr HMeTb o6i>eM, 3Ha4HTejib- 
ho npeBbiiuaiomHH nepBOHanajibHbiH o6i>eM po^HTejibCKoro flOMeHa, 
CKajrapHoe nojie ycTpeMjraeTcn k Hyjiio, hh^jihuhh 3aicaHHHBaeTCfl, 
ho b coceanx 3Toro cy6,aoMeHa hh^jihuhh, tcm He MeHee, 6y#eT 
npoflOJocaTbca BeqHO. 

BnojiHe bo3mo)kho, 4to Hauia BcejieHHaH ycTpoeHa hmchho 
TaKHM o6pa30M. EcTecTBeHHO, hto mw c BaMH )KHBeM b o6jiacra 
BcejieHHon, KOTopaa MHoro MHJuinapflOB jieT Ha3a^ noKHHyjia pexHM 

BeHHOH HH^JIHIJHH, HO He HCKJIIOHeHO, 4T0 3a TOpH30HTOM HailieH 

nacTH BcejieHHoii, b CBepxKpynHbix MacuiTa6ax cymecTByiOT o6jiacra, 
ropa3#o 66jibuiHe no o6i>eMy, b kotophx hh^jihijhh npo^ojiacaeTca 
#o chx nop. 

KoHeHHO, Bee 3th BcejieHHbie (hjih nacra o^hoh e^HHOH Bce- 

JieHHOft) HBJIHIOTCH npHHHHHO pa3T>eflHHeHHbIMH. HHKaKoe co6biTHe 
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b Hameft 4ac™ BcejieHHoft He OKa>KeT bjihhhhc Ha sbojhoumio Tex 
6ecKOHe4HO ^ajieKwx nacTett e^HHoft BcejieHHoii (cm. pnc. 10.3). 




Pmc. 10,3. 3Aecb n3o6pax:eHO B03MO>KHoe crpoeHkie Haweki 
eAMHOM BceAeHHOM b cBepx6oAbiukix MacwTa6ax 



C Haqajia pa6oTbi Han pa3JiH4HbiMH HH(|)jiflUHOHHbiMH cueHapw- 
3mm (hjih Mo^ejiHMH 3bojiiouhh paHHeii BcejieHHoft) npouijio n04TH 
#Ba#uaTb jieT. Cewnac 4hcjio hh(J)jihumohhmx cueHapneB HC4HCjraeT- 
ca necaTKaMH. MHorne CBOHCTBa MHpa, pacmnpaiomerocH no 3aKOHy 
3KcnoHeHTbi, dajiH noHHTHbi 3HaHHTejibHo jiynuie. BbracHHJiocb, 4to 
npn onpe^ejieHHbix ycjiobhhx mo>kho nojiyHHTb peineHHe npo6jie- 

Mbl rOpH30HTa, HO npH 3TOM napaMeTp nJIOTHOCTH ft MO^CeT 6bITb 

He T04H0 paBeH e^HHHue, a, CKaaceM, HecKOJibKo MeHbiue e^HHH- 
Ubi. KocMOjiorn nocTpowjiH MHoro Mo^ejiefi, Ka^oxan H3 kotopwx 
AOCTaTOHHo xopouio onwcbiBaeT Te cBOHCTBa BcejieHHoft, KOTopwe 
mm yate 3HaeM. O^HOBpeivieHHO 3th Mo^ejiH npe^cKa3biBaioT mho- 
ro apyrnx HHTepecHbix cbohctb, nepea kotopmmh 6jie^HeeT caMan 
yBjieKaiejibHaa Hay4Haa h oKOJioHayMHaa (J)aHTacTHKa. 

O^HaKO a yBjieKCH nepe4HCJieHweM B03MO>KHbix Moziejien HameH 
BcejieHHoft. Flopa BHOBb nepeiiTH ecjiH He k TBep^o yciaHOBjieHHbiM 
(J)aicraM peajibHoro MHpa, to no KpaftHeft Mepe k TeM, KOTopwe hbjih- 
iotch o6menpH3HaHHbiMH b coo6mecTBe (J)H3hkob h KOCMOJioroB. 



[XaBa 1 1 

BapMOtwan acuMMCTpHn 



BapHOHHan schmmctphsi BcexemioH 

Cpa3y nocjie oKOHHaHHH mh^jihumm, nocjie pacna^a jio>KHoro 
BaKyyMa, 3anaceHHan b hcm noTeHuwajibHaa 3HeprnH Bbmejimiacb 
b BH^e ropnqeH ruia3Mbi, cocTOflmeft M3 6ojibinoro qwcjia T$DKe- 
Jibix 3JieMeHTapHbix nacTHu;. Ecjim k KOHuy hh^jiauhohhoh CTa^HH 
TeMnepaiypa OKpyacaiomeft cpe^bi 6bijia npaKTM^ecKH paBHoft Hy- 
jik), to Tenepb bch noTemijiajibHaH 3Hepraa BbmejiaeTca b Tenjio. 
FIoHBJifleTCH njia3Ma co cpe^Heft TeMnepaTypoft T ~ 

EcrecTBeHHo, npupo^a 3thx qacraii,, mx kojihtoctbo, a TaioKe 
3aKOHbi hx B3aHMOfleftcTBH5i ceifaac HeM3BecTHbi. Moxho onwcaTb 
jiHiiib caMbie o6mne CBoftcTBa. Orho h3 TaKnx cbohctb 3^ecb 6yneT 
onucaHO, h oho BiuioTHyio KacaeTCH Hameft 3noxn. Pe^b noilneT 

o MaTepnH M aHTHMaTepHM. 

AcTpoHOMMHecKHe Ha6jnoACHMH noKa3biBaioT, hto bo BcejieH- 
hoh npaKTHHecKH OTcyTCTByeT aHTHBemecTBO. Mbi yBepeHHO tobo- 
pHM, 4to Haina TajiaKTHKa ucjimkom coctomt M3 BemecTBa, TaK icaic 
b npoTMBHOM cjiyHae aHHHrajramiH BemecTBa h aHTMBemecTBa co- 
npoBo^ajiacb 6bi BbmejieHHeM orpoMHoro KOjmnecTBa 3HeprnH, mo 
6biJio 6w 3aMeneHo. AHajioraqHo mo>kho oaejiaTb bmboa o wyrax 
rajiaKTHKax. TaK, 6jiH>KaHiune k HaM KapjiHKOBbie rajiaKTHKM: Eojib- 
moe MarejuiaHOBo 06jiaKO (BMO) h Majioe MarejuiaHOBo 06jiaKO 
(MMO) coeOTHHK)TC5i c Haiueft TajiaKTHKOH ruraHTCKHMH nepeMbiH- 
KaMH MaTepHH. B 3thx cBeramMxca nepeMbiHKax bm^hh TOJibKo 
o6biHHbie npoueccw H3JiyHeHH5i h nepeH3JiyHeHHH, npoMcxo^amne 
b Me^c3Be3^HOM BemecTBe. KpoMe Toro, n3BecTHbi CTajiKMBaioiuHe- 
ca rajiaicraKH, rajiaKTHKM, Bxo^amwe b CKoruieHHH, «0MbiBaeMbie» 
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fAaBa 1 1 . 6apnoHHaa ackiMMeipMH 



o^hhm o6jiaKOM MexrajiaKTHqecKoro ra3a, h bo Bcex 3thx cjiy^aax 
npoueccoB aHHHnuiHUHH He o6Hap>oKeHo. 

Bee 3tm (J)aKTbi jieacaT b ochobc npo6jieMbi 6apHOHHoft acwMMe- 
tphm BcejieHHoft. 3to 03Ha4aeT, mo bo BcejieHHoft npncyTCTByioT 

6apMOHbI (npOTOHbl, HeHTpOHbl) H npaKTM4eCKM OTCyTCTByiOT aH- 

TH6apHOHbi (aHTHnpoTOHbi h aHTMHettTpoHbi) . Pa3yMeeTC5i, y^eHbie, 
Ha6jno^aiomHe K0CMH4ecKHe Jiy4H, perwcTpHpyioT HeKOTopoe kojim- 

4eCTB0 aHTMIipOTOHOB, HO OHM o6pa3yK)TCH npH B3aHMOAeftCTBMHX 

3JieMeHTapHbix 4acnm bwcokhx 3Hepnift c oicpyacaioineM Hac Beme- 

CTBOM. 

^BjieHMe 6apMOHHOH acHMMeipHH KaxeTca oco6eHHO 3ara^04- 

HblM TaiOKe nOTOMy, 4T0 KOJIH4CCTBO npOTOHOB n p 3Ha4HTeJIbH0 

MeHbiue KOJiHHecTBa pejiHKTOBbix (|)otohob n 7 : 

& = io- 9 -io- 10 . 

fly 

3to 03Ha4aeT, hto Ha ropn4eft CTa^HM, Koma TeMnepaTypa oicpyaca- 
K>meft njia3Mbi 6wjia 3Ha4HTejibHO 6ojibine, 4eM 3Hepraa noKoa npo- 
TOHa, kT > m p c , b nepBM4H0ft TepMo^HHaMHHecKH paBHOBecHoft 
njia3Me cymecTBOBajio npHMepHO paBHoe kojimhcctbo npOTOHOB n p 

H aHTHnpOTOHOB Tip \ 

(n " - np) = io- 9 -io- 10 . 

n p 

To4Hee, npw TaKHX TeMnepaTypax najxo roBopHTb 06 H36biTKe KBapKOB 
Ha^ aHTHKBapKaMH, ho caM 4>aKT ot 3Toro He MeHHeTCH. CymecTBO- 
BaHHe Bcero Hauiero MHpa h Hac, b 4acTHoc™, o6H3aHo Kpoiue4HOMy 
npeo6jia^aHHio 4acrau najx aHTH4aenmaMH. Ecjih 6m b paHHeft Bce- 
jieHHoft K0JIH4eCTB0 4aCTHU B T04HOCTH 6bl paBHHJIOCb K0JIH4eCTBy 

aHTH4acTHu, to npH ocTbiBaHHH nepBH4Hoft njia3Mbi ao TeMnepaTyp 
MeHbiue HecKOJibKHx coTeH Mera3JieKTpoHBO^bT npoueccbi aHHHrH- 

JIflLI,HH npHBeJIH 6bl K TOMy, 4T0 HaiU MHp COCTOHJI 6bl TOJIbKO H3 (j)0- 
TOHOB. IlpOTOHOB, 3JieKTpOHOB H HeffrpOHOB He 6bIJIO 6bl BOOGme! 

Eme TpnaaaTb jieT Ha3a# npoHCxoagjeHHe 3toh He6ojibinoft pa3- 
HHii,bi b njioTHocTH MaTepHH h aHTHMaTepHH paccMaTpHBajiacb KaK 
Ha4anbHoe ycjiOBue, He onpezjejiaeMoe 3aKOHaMH (J)H3hkh. Ceft4ac 
rocno^CTByeT npoTHBonojio^KHan TO4Ka 3peHHH, comacHO KOTopoft 



PacnaA npoTOHa 
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3Ta acMMMeipMH paccMaTpHBaeTca KaK npoaBjieHne 3aKOHOB B3an- 

MOfleHCTBHH (J)H3HKH 3JieMeHTapHbIX HaCTHIJ. 

PacnaA npoTOHa 

rio^aBjiHiomee 6ojibiiMHCTBO M3BecTHbix 3jieMeHTapHbix nacrau 
HecTa6wjibHbi l \ CBo6o#Hbie ajieivieHTapHbie qacraubi pacnaaaioTca 
3a KopoTKoe BpeMH, pcxacaaa HOBbie qacraubi, nacTb H3 kotophx 
onHTb-TaKH HecTa6HJibHa. Pacna# hx nponcxoflHT flo Tex nop, noKa 
He o6pa3yioTca TOJibKo CTa6njibHbie Hacraijbi. Cra6njibHbie qacTH- 

Uhl — 3TO npOTOH, 3JieKTpOH, HeHTpMHO, aHTHHeflTpHHO H (J)OTOH. 

Xta^ce HeiiTpoH b cbo6o#hom coctohhhh He hbjihctch CTa6mibHOH 
Hacraueft, oh pacna^aeTca co cpe^HHM BpeisieHeM )kh3hh HecKOJib- 
ko MHHyr. B aTOMHbix smpax HeinpoH ABJiaeTca CTa6njibHbiM H3- 
3a ae(J)nu,HTa 3HeprnH. 

O^HaKO fljia oG'bHCHeHHH 6apHOHHofl acHMMeipHH BcejieHHofl 
KpHTHHecKHM maroM HBjiaeTCH npeanojioxeHHe o HecoxpaHeHnn 
KOjiM^ecTBa 6apHOHOB, o HecTaGwjibHOCTH npoTOHa. 

Tpe6oBaHHe HecTa6mibHOCTH npoTOHa — hhcto KocMOJionme- 
ckoc Bee 4)H3nqecKne 3KcnepnMeHTbi ao chx nop noKa3biBaioT, hto 
npoTOH HBjiaeTCH cTa6HjibHoft HacTMueft. CaMbiM hpkhm CBnaeiejib- 
ctbom b nojib3y CTa6njibH0CTH npoTOHa jio chx nop 6buia cTa6njib- 
HocTb aTOMHbix H#ep. 3KcnepnMeHTbi, npoBo^MMbie Ha ycKopnTejinx 
3JieMeHTapHbix qacraij, noKa3biBaioT, hto poaqjeHne npoTOHOB p 
b KaKMx-jiM6o peaKunax o6fl3aTejibHo conpoBO^maeTca poacaeHneM 

aHTHnpOTOHOB p: 

v + +p->p + p + p + Tr+. 

3KcnepnMeHTbi, npoBeaeHHbie c 3JieMeHTapHbiMH nacTHuaMH bwco- 
khx 3HeprnH, 3Ha4HTejibH0 npeBbiuiaiomnx Maccy noKoa npoTOHa, 
Toace noica3biBaioT (npaB^a, yace Ha ypoBHe 3jieMeHTapHbix qacTHu) 
coxpaHeHne 6apnoHHoro qncjia (hto CBH^eTejibCTByeT o cTa6njibH0- 
ctm npoTOHa): 

p + p^p + A° + K + , A 0 — ► p + 7r~. 

1 * 3aecb mm Hcnojib3yeM TepMHH <ojieMeHTapHbie» nacTHUbi ajih o6o3HaqeHHH 
3HaHHTejibH0 6ojibinero Kjiacca Hacrau, neM Te, o kotopmx penb uuia b rjiaBe 6, 
h KOTopwe HMeHyioTCfl «4>yHHaMeHTajibHbiMH 3JieMeHTapHbiMH» qacTHiiaMH. 
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fAaBa 1 1 . bapMOHHaa acMMMeipMH 



Om3hkm pa3JiM4Hbix dpaH npoBO^miH 3KcnepHMeHTbi no no- 
HCKy pacnaaa npoTOHa. 3KcnepHMeHT noKa3biBaeT, hto BpeMH ero 

T I 

XM3HM b jia6opaTopHbix ycjiOBMHx npeBbimaeT 10 jieT. 

KaK CMorjiM noMepwTb TaKoe BpeMH, Kor^a BpeMH >kh3hh Bce- 
jieHHOH (20 mjipa JieT) Ha MHoro nopa^KOB MeHbiue? ,H,jih o6Hapy- 
aceHna pacna^a npoTOHa He o6n3aTejibHO aqjaTb 10 31 JieT. Pacnaa 
o^Horo BbmejieHHoro npoTOHa Mo^ceT npoH30Hra b jno6oe BpeMH. 
Oh MOxeT pacnadbca h nepe3 ceKyH^y nocjie Haqajia Ha6jno^eHHH 
3a hmm, a MO>KeT ocTaTbca CTa6njibHbiM b TeneHHe BpeMeHH, 3Ha- 
4HTejibHo npeBbiiuaiomero ero BpeMH >kh3hh. O^HaKo, ecjiw (J)H3hk- 
3KcnepHMeHTaTop co6epeT BMecTe 10 31 npoTOHOB, to c yBepeHHO- 
dbio mo)kho CKa3aTb, 4to b TeneHHe o^Horo ro,aa o^mh H3 TaKoro 
HMCJia npoTOHOB flOJDKeH npeiepneTb aKT pacna^a. 

O^hh KyGnqecKHH MeTp boam coaepatHT npHMepHo 10 30 npoTO- 
hob. TaK 4to co6paTb BMede 10 31 npoTOHOB He TaK yac h cjio>kho — 
Heo6xo^HMo 3aKa4aTb b 6aK 10 t boru. CjioatHocTb TaKHx 3Kcnepn- 
MeHTOB coctoht b tom, 4to Heo6xo#HMO 3aMeTHTb o^mh aKT pacna^a 
b TeneHHe ro#a. 

O^HH H3 CaMblX 3HaMeHMTbIX 3KCnepHMeHTOB npOBO^MJICH co- 
BMeCTHO HnOHCKMMH H HH^HHCKMMH HCCJie^OBaTeJIHMH B Kolar Gold 

Field (KGF). ,H,jih nowcKa pacna^a npoTOHa ohm o6opy^oBajiH #Ba 
^eTeicropa, nepBbift H3 kotophx HMeji Bee 140 t, a btopoh 260 t. 
IlepBbiH 6wji o6opy^oBaH b uiaxTe Ha rjiyGuHe 2 300 m, btopoh — 
Ha rjiy6HHe 2 000 m. 3arjiy6jieHwe .neTeicropoB cwjibHO noHHacajio 
4>oh KOCMH^ecKHX jiyneii h no3BOJiHjio npoBO^HTb peracTpaanK) 
pacnajjoB. 

MccjiezioBaTejiH HCKajiH pacna^w ™na: 

h t. n. 

riepBbiH ^eTeKTop Hanaji pa6oTaTb b 0Kra6pe 1980 ro^a, a bto- 
poH b Hon6pe 1985 r. Bwjio o6Hapy^ceHO Bcero aecHTb coGuthh, 
KOTopbie Morjiw 6bi HHTepnpeTHpoBaTbcn KaK npoHciue^iiiHe aKTbi 
pacna^a npoTOHa. K coacajieHHK), ocTaTOHHbiii 4>oh KOCMH^ecKHx jiy- 
neH h pa^woaKTHBHbix pacna^OB b 3eMHOH Kope He no3BOjineT c yBe- 

peHHOCTbK) CKa3aTb, KaKHe HMeHHO C06bITHH npOH30IIIJIH. Il03T0My 



[IpOTOH AOAXeH 6blTb H6CTQ6MAbH bIM 
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HccjieaoBaTejiH CMorjiM yKa3aTb jinuib BepxHHH npe^eji Ha BpeMH 
>kh3hh npoTOHa; no hx oijeHKaM oh coeraBjineT 2 • 10 31 jieT. 

HTaK, Bee 3KcnepHMeHTbi yKa3biBaioT Ha tot 4>aKT, hto npoTOH 
HBJiHeTCH CTa6HJibHoft HacTHuen. rioneMy ace kocmojio™ HacTaHBaiOT 
Ha tom, hto npoTOH floJixeH 6biTb HecTaGwjibHbiM, noneiviy (})H3Hkh 

B 60JIbUIHHCTBe CBOCM TO^Ke npHHHJIH 3Ty T04Ky 3peHHH? 

llpOTOH AOAMCH 6blTb H€CTd6HAbHblM 

CpaBHHM 3aKOH coxpaHeHHH 3JieKTpH4ecKoro 3apn#a h npe^no- 

JIO)KeHHe O COXpaHeHHH 4HCJia 6apHOHOB. 3tH flBa HBJieHHH flOJDKHbl 

HMeTb MHoro o6mero. O^HaKo Meamy hhmh HMeeTCfl Ba^Hoe pa3- 

JIHHHe. 3jieKTpH4eCKHH CJI}QKHT MCT04HHK0M 3JieKTpOMarHHT- 

Horo nojra. IljiOTHocTb 3JieKTpH4ecKoro 3apan,a bxo^ht b ypaBHeHHH 

3JieKTpOMarHHTHOrO nOJIH B Ka^eCTBe HCTOHHHKa 4>otohob, koto- 

pwe o6jia^aioT HyjieBOH MaccoH. FlpHHeM H3 caMocomacoBaHHOCTH 
ypaBHeHHH 3JieicrpoMarHHTHoro nojia BbiTeKaeT 3aKOH coxpaHeHHH 
3JieKTpH4ecKoro 3apa^a. B cjiynae ecjin 3tot 3aKOH coxpaHeHHa 

He BbinOJIHHJICH B KaKOH-JIH6o CHTyaUHH, HCCJie^OBaTeJIH HJIH HH)Ke- 

Hepw, KOTopwe Hcnojib3yioT 3jieicrpoMarHHTHbie npn6opbi, flaBHO 6bi 
3a\ieTHjiH pa3JiH4He Me^y TeopeTH^ecKHMH (J)opMyjiaMH h 3Kcne- 
pHMeHTajibHbiMH ^aHHbiMH. CKaaceM, Tejie3pHTejiH He cmodih 6bi 
npHHHMaTb nepe^aqn OeraHKHHCKoft 6auiHH H3-3a HecoxpaHeHHa 
3jieKTpH4ecKoro 3apwa, a cjienoBaTejibHO, CHJibHoro nomomeHHa 
no nyra cjie^oBaHHH paanojiyna. 

AHanoraHHbix ypaBHeHHH, KOTopwe onncbmaioT CBH3b 6apnoH- 
Horo HHCJia c 6o30HaMH, o6jiajiaK)mHMH HyjieBott Maccoft noicofl, 
HeT. Oh3hkh HeoflHOKpaTHo HCKajiH TaK Ha3biBaeMyio «n5nyio ch- 
jiy», KOTopan Morjia 6bi oTBe^aTb 3a B3aHMoaeHCTBHe TaKoro po,n,a. 
HecMOTpH Ha TmaTejibHbie noHCKH 6e3MaccoBoro nojia (h cootbct- 
CTBeHHo, ^ajibHo^eHCTBHa), CB»3aHHoro c coxpaHaiomHMCH 6apn- 
ohhhm hhcjiom, oho He 6wjio o6HapyaceHO. rio3TOMy apryMeHTOB 
CTOjib ace TBep^wx, KaK zura coxpaHeHHH 3jieKTpH4ecKoro 3apan,a, 

y (J)H3HKOB HeT. BoJiee TOrO, MOfleJIH 06T>eflHHeHH5I (J)H3H4eCKHX B3a- 
HMO^eHCTBHH npe£CKa3bIBaK)T, HTO 6apHOHHOe 4HCJIO £OJDKHO 6bITb 
HeCOXpaHHIOmeHCH BejIH4HHOH. 
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ropRHHH 6apMOCHHTe3 

^Jia B03HHKHOBCHHH 6apHOHHOH aCHMMeTpHH BceJieHHOH IIO- 

mhmo HecoxpaHeHHH 6apHOHHoro HHCJia Tpe6yeTCH HecTauHOHap- 

HOCTb BcejieHHOH H pa3JIMHHe B CBOHCTBaX HaCTHU M aHTHHaCTHU. 

B 0TjiH4ne ot rMnoTe3bi HecoxpaHeHMH 6apMOHHoro HHCJia, o6a 
3th HBJieHHH Ha^oKHo ycTaHOBjieHbi. H#ea o6pa30BaHHa 6apHOH- 
Horo M36biTKa H3-3a aeHCTBMa TaKoro MexaHH3Ma 6biJia BbicKa3aHa 

A. J\. CaxapOBbiM 6ojiee TpHAuara jieT Ha3aa. KoHKpeTHbie cxeMbi 
ee peajiH3aaMM 6buin ^eTajibHO pa3pa6oTaHbi cobctckhmh y^eHbiMH 

B. A. Ky3bMHHbiM, a TaKace A. JX. flojiroBbiM h B. 3ejib^0BHHeM. 

Ecjim 6apnoHHoe hmcjio He coxpaHaerca, a B3aHMO,aeftcTBHa 

HaCTHU H aHTHqaCTHU a6cOJIK)THO OtfHHaKOBbl, T. C, KaK rOBOpHT 
4>M3HKH, HMeeT MeCTO C-HHBapHaHTHOCTb, TO H36bITOK 6apHOHOB 

Ha# aHTn6apnoHaMH He B03HHKHeT. Bojiee Toro, b ropaqeft njia3Me, 
Haxo^ameftca b coctohhhh TepMO^HHaMMHecKoro paBHOBecna, 6y#eT 
o^HHaKOBoe K0JiH4ecTB0 nacTna h aHTH4ac™a He3aBHCMMO ot co- 
xpaHeHHa mjih HapyineHna C-HHBapnaHTHOc™. 3tot 4>aKT aBJiaeTca 
cjie,n,CTBHeM TaK Ha3biBaeMoft CPT-TeopeMbi, KOTopaa yTBepac^aeT, 
hto ^ojDKHa cymecTBOBaTb HHBapnaHTHOCTb npH coBMecTHOM npo- 
CTpaHCTBeHHOM OTpaaceHHH, o6pameHHH BpeMeHH h nepexo^e ot na- 
cthu k aHTHHacTHuaivi. CPT -TeopeMa aBJiaeTca cjie^cTBHeM caMbix 

06mHX CBOHCTB (|)H3HHeCKOft TeopHH, TaKHX KaK JIOpeHIJ-HHBapHaHT- 
HOCTb H aHaJIHTHHHOCTb. CPT -TeopeMa TJiaCHT, HTO flOJDKHbl 6bITb 

o^HHaKOBbi Maccbi, BpeMeHa >kh3hh h craTHCTHqecKHe Beca qacTHLi; 

H aHTHHaCTHIX. 3T0 H npHBO^HT K OflHHaKOBOMy co^epacaHHio na- 
CTHU H aHTHHaCTHU 0£HOrO COpTa B TepMO^HHaMHHeCKH paBHOBeCHOH 

njia3Me. ripaB^a, Ha^o cxjejiaTb ojwy oroBopKy. Ecjih #aHHbift copT 
^acTHU o6jia^aeT coxpaHaiomwMca 3apa#OM (b HHCJie KOTopwx Bnoji- 
He moxho paccMaTpwBaTb h hhcjio 6apHOHOB) w cpe^Haa iuiothoctb 
3Toro 3apa#a c caMoro Hanajia He paBHa Hyjiio, to b jiio6om cocToa- 
hhh njia3Mbi b Heft 6y#eT npncyTCTBOBaTb 3tot H36biTOK qacraij Ha# 
aHTHHacTHaaMH. TaK, ecjiH BHyTpw jia6opaTopHoft KOJi6bi (KOHe^Ho, 
CiiejiaHHoft H3 a6cojnoTHO HepacnjiaBjiaeMoro MaTepnajia!) co3#aTb 
njia3My, o6jia,a;aK)myK) h36htkom 3JieKrpHqecKoro 3apa^a, to 3tot 
H36biTOK He 6y^eT 3aBHceTb hh ot TeMnepaTypbi njia3Mbi, hh ot ee 

3BOJIIOUHH. 
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Hhcjio 6apnoHOB, KaK nojiaraioT, He coxpaHiieTCH, no3TOMy, 

He3aBHCHMO OT HaHaJIbHOrO 3HaHeHHH M36bITKa 6apMOHOB Haa aHTH- 

6apHOHaMH, ropaqaa njia3Ma flOJDKHa npHftra b paBHOBecHoe coctoh- 
Hwe, Kor^a KOJiH^ecTBo 6apnoHOB paBHo mjinqecTBy aHTn6apnoHOB. 
O^HaKo BcejieHHaa HecTauHOHapHa, OHa paciunpHeTCH, no3TOMy 
b Heft B03HHKaeT oTKjioHeHHe ot paBHOBecHa, onpe^ejiaeivioe cko- 
pocTbio pacuiHpeHHH MHpa (nocTOHHHoft Xa66jia b tot momcht 
BpeMeHH) h xapaKTepHoft CKopocTbio peaKuwft Meatfly HacrauaMU, 
KOTopwe noflflepacwBaioT paBHOBecne. 

BeJIHHHHa OTKJIOHeHHH OT TepMOflHHaMHHeCKOrO paBHOBeCHH 

3aBHCHT ot Maccbi HacTHu. fljiH 6e3MaccoBbix qacTHu, TaKHx, Hanpw- 

Mep, KaK (J)OTOHbI, OTKJIOHeHHH OT TepMOflHHaMHHeCKOIX) paBHOBeCHH 

He B03HHKaeT 2 \ fljiH MaccMBHbix Hacrau OTKjioHeHHe nponopuHO- 
HajibHO KBa^paTy Maccw noKoa m, pa3#ejieHHoft Ha TeMnepaTypy 
njia3Mbi T b TeKymwft momcht BpeMeHH. ^jih jierKHX nacTHU otho- 

m 2 

meHHe flocTaT04HO Majio, fljia raxejibix qacraij oho MoaceT 6biTb 
BejiHKo. IlpaBfla, caMa KOHijeHTpaijHH raacejibix Hacraa Majia, no- 
3T0My hx pojib b 6apHocnHTe3e Maji03aMeraa. 3HaHHT, 6apnocHHTe3 
AOJixeH npowcxoflHTb bo BcejieHHoft, Koraa TeMnepaTypa OKpyacaio- 
meft mia3Mbi npHMepHO paBHa Macce noKoa HacTHu, KOTopwe abjih- 
iotch nepeHOCHHKaMH B3aHMO#eftcTBHft, npwBOfliimHx k HapymeHHK) 

C-HHBapHaHTHOCTH — K HeCOXpaHeHHK) 6apHOHHOrO HHCJia. 

TaKHe nacTHUbi b TeopHH ropaqero 6apwocHHTe3a Ha3biBaioT- 
ch THxejibiMH Y -jienTOKBapKaMH. 3ra nacraubi HecTaGnjibHbi 
h flojDKHbi pacna^aTbCH BCKope nocjie po>K,aeHHfl. 

Ilo3TOMy pa3HHi;a Me^ay 6apHOHaMH h aHTH6apHOHaMH KaK 
4>yHKUHH BpeMeHH MoaceT Bbirji5meTb TaK. B HanajibHbift momcht 

3HaqeHHe 3TOft pa3HHUbI MOXeT 6bITb npOH3BOJIbHbIM, 3aBHCHmHM 

ot MexaHH3Ma «coTBopeHHH MHpa». 3aTeM 3Ta pa3HHua aojDKHa hc- 
ne3aTb no Mepe flOcraxeHHH njia3Moft paBHOBecHoro coctohhhh. 
BcKope nocjie po>KfleHH5i Hauieft BcejieHHoft HaHHHaeTca craflHH hh- 
(Jxjihijhh, bo BpeMH KOTopoft TeMnepaTypa noHH^aeTca npaKnmecKH 
AO Hyjia, a bch MaTepHH bo BcejieHHoft «pacTacKHBaeTCH» CHJiaMH ot- 

TaJIKHBaHHH Ha paCCTOHHHH, 3Ha4HTeJIbHO IipeBbllliaiOmHe TOPH30HT 



21 3to mm MoaceM Ha6jnoaarb Ha npHMepe pejiHKTOBoro H3JiyneHHH. 
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fAaBa 1 1 . BapHOHHaa acMMMeTpMfl 



C06bITHH Ha TOT MOMCHT, T3.K 4T0 OCTaTOHHafl njIOTHOCTb 6apHO- 

hob k KOHuy CTa^HH hh^jihijhh TaioKe npeHe6pe)KHMO Majia. Ilocjie 

OKOHHaHHH CTaflHH HH^JISHJHH, pacna^a MaTepMH H3 COCTOHHHH JIO)K- 

Horo BaKyyMa b coctohhhc c HapyuieHHOH CHMMeTpHeft , B03HHKaeT 
ropHnan njia3Ma, cocTonmaa H3 pa3JiHHHbix nacTHu, BKjnoHaa ra>Ke- 
jibie jienTOKBapKH. CTeneHb otkjiohchmh mx pacnpe^ejieHHa ot paB- 
HOBecHoro HapacTaeT h npw oxjiaacneHHH BcejieHHOH no TeMnepa- 
Typbi HHace Maccbi noKoa TaKHX jienTOKBapKOB ocraeTca He6ojibiuoH 
H36biTOK 6apnoHHoro 3apaaa, «cnp$rraHHbiH» b jienTOKBapKax. Jien- 
TOKBapKH hbjihiotch HecTa6HJibHbiMH 4acTHuaMH, no3TOMy nocjie hx 
pacna^a ocTaeTcn He6ojibinoH h36mtok KBapKOB Ha# aHTHKBapKaMH. 

MexaHH3M, 3a cneT KOToporo noftaepacHBaeTca paBHOBecne b ro- 
paneH njia3Me, a TaioKe H^yr pacna^bi, hmcct MHoro o6mero c Mexa- 

HH3MOM XHMHHeCKHX peaKJUHH. CKOpOCTb Onpe^eJIHeTCH njIOTHOCTbK) 

nacTHU, BCTynaiomnx b peaKUHH, MaccaMH HacTHu,, a TaioKe ceneHH- 
eM hx pacceHHHH flpyr Ha #pyre. 




B coBpeMeHHott (})H3HKe 3JieMeHTapHbix ^acTHu cymecTByeT #o- 
BonbHO MHoro B03MO)KHocTeH fljra o6i>acHeHH5i H36biTKa BemecTBa 

HZJX aHTHBemeCTBOM. HeCKOJIbKO (j)H3HqeCKHX MexaHH3MOB npHBO- 

OTT k noHBjieHHK) 3Toro H36biTKa. 3#ecb HeT Hyx^bi nepe^HCJiHTb 

BCe 3TH MexaHH3MbI. HeKOTOpbie H3 HHX HaCTOJIbKO 3K30TH4HW, 
4T0 TOJIbKO CaMH aBTOpbl TaKHX MexaHH3MOB BCpHT B HHX H pa3- 

pa6aTbiBaioT cooTBeTCTByiomne TeopHH. O^HaKO oahh h3 hobhx 
<})H3H4ecKHx MexaHH3MOB reHepaunn 6apHOH36biTKa b paHHeft Bce- 
jieHHOH Heo6xoziHMO ocBeTHTb. Oh 6bui «H3o6peTeH» cpaBHHTejibHO 
HeaaBHO h Ha3biBaeTCH Tenepb MexaHH3MOM «xojio^Horo 6apnore- 
He3a». Ochobhoh BKjiaji b pa3pa6oTKy TeopHH 6apnoreHe3a bhccjih 
poccHHCKHe yneHbie B. A. Ky3bMHH, B.A. Py6aKOB h mBeiiuapcKHH 
yneHbiH M. E. UJanouiHHKOB. 

B oTjiH^He ot ropHHero 6apnocHHTe3a, KOTopoft nponcxo^HJi 
bo BcejieHHOH, Kor^a ee TeMnepaTypa cocTaBJiajia 10 16 TsB, cTa^HH 
6apnoreHe3a npoHcxo^HT bo BcejieHHOH, Kor^a ee TeMnepaTypa 
3Ha^HTejibHO HH^ce, b 3tot momcht TeMnepaTypa cocTaBjiHeT «Bcero 
jiHiiib» 10 T3B = 10 4 T3B. 



XoAOAHbiM 6apnoreHe3 
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B neM npHHUHnnajibHoe OTJiHHHe MexaHH3Ma xojio^Horo 6a- 
pHoreHe3a ot <J)H3HHecKoro MexaHH3Ma ropjmero 6apnocHHTe3a? 
^HTaiejib, HaBepHoe, o6paraji BHHMaHHe, hto aaace caMH TepMH- 
hh, o6o3HaHaiomMe ape 3noxH, hbjihiotch pa3JiH4HbiMH. Chhtc3 
03HanaeT npoH3Bo^CTBO KaKoro-jiH6o BemecTBa. TeHe3HC — 3to 
rpenecKoe cjiobo, 03Ha*iaiomee 6brrae. Bo BpeMH ropaneH CTa^HH 

6apHOCHHTe3a H36bIT0K 6apMOHOB HOJX aHTH6apHOHaMH «BapMTCH» 

b KOTJie nepBMHHoft njia3Mbi c HeBOo6pa3HMO bmcokom TeMnepaTy- 
poft. Bo BpeMH da^HH «xojioAHoro» 6apnoreHe3a h36mtok BemecTBa 
mm aHTMBemecTBOM o6pa3yeTca KaK cjichctbhc cjiynaHHoro bm6o- 
pa BaicyyMOM (J)H3HHecKHx nojieft Haiueft BcejieHHoii KaKoro-jiH6o 

MHHHMyMa, KOTOpblH H Onpe^eJIfleT BejIM4HHy M36bITKa. 

CTpyKTypa BaKyyMa b TaK Ha3biBaeMbix a6ejieBbix Teopnax nojra 

TpHBHaJIbHa — BaKyyM MMeeT TOJIbKO OflHH MHHHMyM. Ecjim o6o3Ha- 
HHTb BeJIHHHHy IIOJIH 0, TO 3HeprHfl, KOTOpOH 6yWT o6jia^aTb 3TO 

nojie, nponopmiOHajibHa KBa^paTy BejinqHHbi 0. 3to cnpaBe^jiHBO 

flJIH MHOrHX THnOB <J)H3H4eCKHX nOJieft, B HaCTHOCTH £JIH 3JieKTpo- 

MarHHTHoro. Koma 0 = 0, nojie oTcyrcTByeT hjih, KaK tobopht 

(J)M3mkh, ecTb TOJibKo BaicyyM 3 ^. XIjih HejiHHeHHbix nojieft c Hapy- 
uieHHOH cHMMeTpweH cymecTByeT, no KpaHHeft Mepe, flBa BaKyyMa. 
Ohh pa3aejieHbi bmcokhm noTeHUHajibHbiM 6apbepoM. 

Ilojifl b coBpeMeHHbix Hea6ejieBbix Teopnax nojra HMeioT cjiox- 
Hyio TonojiorHHecKyio CTpyicrypy, o6jia#aiomyio, BOo6me roBopa, 
6ecKOHe4HbiM HaGopoM MMHMMyMOB, pa3^ejieHHbix noTeHUMajibHbi- 
mh 6apbepaMH. Oh3hkh HHTepnpeTHpyioT TaKyio crpyKTypy KaK 6ec- 

KOHeHHblH Ha6op BaKyyMOB, 06jia,Hai0IUHX pa3JIH4HbIMH CBOHCTBaMH. 
B HaCTHOCTM, 06jia^aK)mHX pa3JIHHHbIMH H36bITKaMH 6apHOHOB Haa 
aHTH6apHOHaMM. 

B coBpeMeHHoe BpeMH #Ba pa3JM4Hbix MHHHMyMa oraejieHbi 
apyr ot flpyra He 6ojibiUHM paccTOHHHeM hjih npoMOKyTKOM BpeMe- 
hh, a 6ojibuiHM noTeHUHajibHbiM 6apbepoM. TaK, ecjiH (|)H3hk 3axoqeT 
npoBepHTb HajiHHHe TaKHx HeTpHBHajibHbix MHHHMyMOB b jia6opaTO- 
Phh h Ha6jno^aTb npoueccbi c HecoxpaHeHHeM 6apnoHHoro HHCJia, 
eMy npn^eTCH HarpeTb KycoqeK njia3Mbi #o TeMnepaTypbi 10 T3B. 



3 ^ HanoMHMM, hto H3-3a HyjieBbix KOJie6aHMH nojieii 3Heprnn BaKyyMa, BOo6me 
roBopa, Hyjiio He paBHa, ho MMeeT MHHHMyM. 
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fAaBa 1 1 . BapMOHHaa acuMMeTpua 



riocjie Toro, ksk SHepraa njia3Mbi npM6jin3HTC5i k BejiHHHHe 10 TsB 
Ha qacTMuy, b Heft HaHHyr aKTHBHO h^th npoueccbi c HapyiueHHeM 
6apnoHHoro HHCjia. 

B o6bi4Hbix jia6opaTopHbix ycjioBHHX BepoaTHOCTb jinn Ha6jno- 
jxzHUft TaKHx npoueccoB cociaBjraeT MC4e3aK>me Majiyio BejiHHHHy 
10" 150 . fljiH Ha6jnofleHHH pacna^a npoTOHa H3-3a TaKoro MexaHH3- 
Ma Heo6xonHMo 6biJio 6bi co6paTb BMecTe 10 150 npoTOHOB! 3#ecb 
yisiecTHO HanoMHHTb, 4to nojiHoe kojimhcctbo npoTOHOB BHyTpw 
Ha6jiK)^aeMOH qacra BcejieHHoft HecKOjibKO MeHbme. 

B oTJiH4He ot MexaHH3Ma ropH4ero 6apnocHHTe3a, MexaHH3M 
xojio^Horo 6apHoreHe3a BCKope moxho 6yaeT npoBepHTb 3Kcnepw- 
MeHTajibHO. Hepe3 HecKOjibKO jieT HaqHyr pa6oiaTb raraHTCKHH ycKO- 
pHTejib 3JieMeHTapHbix qacTHu, kotophh ceftnac ctpohtch b LJEPHe, 
UlBeftuapMH. 3Hepraa ycKopeHHbix npoTOHOB b HeM 6yaeT npe- 
BbimaTb 10 T3B. flpyrHMH cjiOBaMM, 3KcnepHMeHTaTopbi nojiy^aTb 
b CBoe pacnopaxeHHe MauiHHy, cnoco6Hyio HarpeTb KyconeK Beme- 
CTBa ro TeMnepaTyp 10 TsB. Flpn ctojikhobchhhx nacrau, ycKO- 
paeivibix HaBCTpeny #pyr flpyry, (|)H3hkh ,aoji>KHbi Ha6jno^aTb BecbMa 
HHTeHCHBHbie npoueccbi c HapyiueHHeM 6apnoHHoro HHCJia, ecjin co- 
BpeMeHHbie TeoperaqecKHe B3rjiHflbi Ha npnpoay 4)H3hkh b o6jiacra 
3HeprHH 10 TsB cnpaBezyiHBbi. 



PCAMKTOBOC M3AYHCHMC 



HTO TaKOe pC AM KTOBOC M3AyHCHMC 

rHnoTe3y o cymecTBOBaHHH pejiHKTOBoro H3JiyHeHH5i BbiCKa3aji 
b 1946 r. T. A. TaMOB. Oh pa3pa6aTHBaji Teopnio HyKJieocwHTe- 
3a b ropaneH BcejieHHoft h npe£CKa3aji cymecTBOBaHne TeruioBoro 
3jieKTpoMarHHTHoro M3JiyHeHHfl co cneKTpoM a6cojiK)THo qepHoro 
Tejia h oueHHJi ero TeMnepaTypy (6 K). Ha6jno,aeHHH no^TBepflHJiH, 
hto 3to H3JiyHeHwe HMeeT cneicrp a6cojiK)THo qepHoro Tejia, h 6wjia 
onpeaejieHa ero TeMnepaTypa (2,725 K). 

Ha6jiK),aeHMe pejiHKTOBoro M3JiyMeHMH b 1965 r. HBHjiocb Baac- 
HeftuiHM KOCMOJiorHHecKHM (j)aKTOM nocjie OTKpwTHH Xa66jioM pac- 
uiHpeHHH BcejieHHoft. 

B npoinjioM Hauia BcejieHHan 6buia 3HaHHTejibHO ropanee 
h npeflCTaBjuuia H3 ce65i BbicoKOTeMnepaiypHyio ruia3My c TeM- 
nepaTypoft BnjiOTb ro 10 32 K. HacTHijbi, cociaBjiaiomHe 3Ty ruia3My, 

HaXO^HJIHCb B paBHOBeCHH. O^HOH H3 TaKHX HaCTHIJ 6bIJI (|)OTOH. B Ty 

3noxy y <j)OTOHHoro ra3a c(J)opMHpoBajica cneKTp a6cojiK)THO nepHoro 
Tejia c TeMnepaTypoft, paBHOH TeMnepaType OKpyacaiomeH njia3Mbi. 
B xo^e paciunpeHHH TeMnepaTypa 4>otohob nocTOHHHO noHH^cajiacb. 

Ilocjie noHH^ceHHH TeMnepaTypw njia3Mbi ao 3 000 K Hami- 
HaeTca 3noxa peKOM6HHau,HH h o6pa3yeTca HeftTpajibHbift Bo^opofl. 
CeneHMe ero B3aHMo^eHCTBHH c (jxyroHaMH, BHe y3KMx jihhhh, npe- 
He6pexMMO Majio h (J)OTOHbi HanMHaiOT pacnpocTpaHHTbca bo Bee 

CTOpOHbl npaKTMMeCKH CB060^H0. 3TOT MOMeHT BpeMeHH Ha3bIBaK)T 

TaioKe 3noxott nocjie^Hero pacceHHHH hjih, HHoma, snoxoft npo- 
cBeTjieHHH. Ecjim CHMTaTb, 4to ceftqac B03pacT BcejieHHoft 10 10 JieT, 
to k 3noxe peKOM6HHauHH npoimio «TOJibKO» 300 000 JieT. Cbct 
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fAaBa 12. PeAMKTOBoe kBAynei-ikie 



3a 3to BpeMH ycneBaeT npoftra TOJibKo 300 kfik, h 3tot pa3Mep Ha- 
3biBaeTCH pa3MepoM ropH30HTa qacrau bo BpeMH peKOM6nHaunH l \ 
0H3H4ecKHM cmmcji ^jikhm ropH30HTa HacTHu, npocr — 3to pa3Mep 

npHHHHHO CBH3aHHOH o6jiaCTH K HeKOTOpOMy MOMCHTy BpeMCHM. 

BcaKoe B3aHMO,aeHCTBHe pacnpocTpaHaeTCfl He 6biCTpee, 4eM cbqt, 
noaTOMy 3a BpeMH, HcreKiuee c Hanajra Bojibiiioro B3pbiBa, rbg 4a- 
CTHUbi ycneBaiOT npoB3anMo#eHCTBOBaTb, ecjw paceroaHHe MOK^y 

HHMH He 60JlbLIie ropH30HTa HaCTHU. flpyrHMH CJIOBaMH, paBHOBe- 

cwe, onpe^ejiHeMoe jno6biM 4>H3H4ecKHM npoueccoM, ycraHaBJiHBa- 
eTCH Ha Macurra6ax He 6ojiee 300 KnK Ha momcht peKOM6nHauwH. 
3to 3Ha4m, 4to njia3Ma b TOHKax, pa3aejieHHbix Macurra6oM, cxa- 
aceM, 10 MnK, MoaceT pa3JiH4aTbcn no TeMnepaType bo mhoid pa3. 
OroBopwMCH cpa3y, 4to Ha6jnofleHHH noKa3biBaiOT BbicoKyio CTeneHb 
H30TponHH Ha Bcex yrjioBbix MacLirra6ax, BKjHOHaa Macurra6 ropH30H- 
Ta 4acrau Ha cra^MM peKOM6nHauHH. 3tot (Jmicr HBJiaeTca npaivibiM 
cjieacTBueM HH(J)ji5iUMOHHoft CTa^HH pa3BHTHH HameH BcejieHHOH. 

YrjioBOH pa3Mep ropH30HTa qacTwu Ha MOMeHT peKOM6HHauwH 
~ 2°. 3to Ba>KHaa xapaicrepHcraKa. OHa onpe^ejmeT nojioaceHHe 
MaKCHMyivia b flonmiepoBCKOM nHKe. 

CneKTp pejiHKTOBoro H3jiyHeHHa — 3to cneKTp aGcojnoTHO 
qepHoro Tejia c TeMnepaiypoft T = 2,725 K. Bh£ (J)yHKUHH, onwcbi- 
BaiomMH cneicrpajibHyK) 3Hepnno KaK 4>yHKUMio nacTOTbi, noKa3aH 
Ha pwc. 12.1. 

KocMOJiorH-3KcnepHMeHTaTopbi H3Mep5UiH TeMnepaTypy pejiHK- 
TOBoro H3JiyHeHHH MHoroKpaTHo h b iunpoKOM OTana30He /UIHH BOJIH. 
3th Ha6jno,zieHHa npoBO^HjiHCb juih Toro, 4to6m no^TBep^HTb bha 
cneicrpa h o6HapyxwTb oikjiohchmh ot Hero, ecjiw ohm cymecTByiOT. 

Otkjiohchmh Morjiw o6pa30BbiBaTbCH, ecjiw bo BcejieHHoii npo- 
hcxootjih HepaBHOBecHbie npoueccw. TlycTb, HanpHMep, b KaKoft- 

JIH60 MOMeHT 3BOJHOUHH, He CJIHI1JKOM ftajieKO OTCTOHIUHH OT CTa^HH 

peKOM6HHauHH, b njia3Me Bbmejmjiacb 3HeprnH. CKaaceM, b njia3Me 
6bijiw HecTa6mibHbie 3JieMeHTapHbie 4ac™uw, Korapwe pacnajiwcb 
#o peKOM6HHau,HH. Toraa bo BcejieHHOH BbmejimiHCb (jxrroHbi, o6jia- 
aaiomne y3KHM cneKTpOM. Ohh B3aHMo^eftcTByK)T c 3JieKTpoHaMH, 



' rio^HepKHeM, hto 3^ecb BbiHHCJieH pa3Mep ropH30HTa Ha MOMeHT pckom6h- 

HaUHM. 



Hto TaKoe peAMKTOBoe M3AyHeHne 1 55 



nepeH3JiyMaioTCH h mchhiot cbok) 3Heprnio. ripoueccbi nepepac- 
ceaHHH npHBo^HT k TOMy, hto «BnpbiCHyTbiH» cneicrp (])OTOHOB 
pacnjibiBaeTca m ero (j)opMa CTpe mutch k paBHOBecHOMy cneKTpy 
nepHoro Tejia (TaK, co6- 
CTBeHHO, m 4>opMHpyeTC5i 
cneicrp a6cojiK)THO qepHO- 
ro Tejia). Hepe3 HeKOTopoe 
BpeMH b ruia3Me BHOBb Ha- 
CTynHT paBHOBecwe ivieacay 
(J)OTOHaMn h apyrMMH qa- 
CTHijaMH. Ho MOxceT 0Ka- 

3aTbCH, HTO BpeMCHH &TCH 

ycTaHOBjieHHH paBHOBecwa 
He XBaraT. Tor^a b cneic- 
Tpe pejiMKTOBoro lojiyne- 

HHH B03HMKHeT H36bITOK, 
KOTOpblH yKaxeT He TOJIbKO 

BpeMH Bbi^ejieHHH ^onoji- 

HHTeJIbHOH 3HeprHH, HO H 

ero MexaHH3M. 

H36bITOK 3HeprHH, OT- 
JIOXeHHblH Ha kphboh, onn- 

CbiBaiomeft cneicrp a6co- 
jiiotho HepHoro Tejia, rjia30M 3aMeTHTb Hejib3H. Hame Bcero acrpo- 
homw oTKjia^biBaiOT HpKOCTHyio TeMnepaTypy KaK (j)yHKunio qacTOTbi 
H3JiyHeHH5i. J\ak H^eajibHoro cneKTpa njiaHKOBCKoro rana 3Ta TeMne- 
paTypa He 3aBHCHT ot nacTOTbi. Pe3yjibTaTbi nocjieziHHX H3MepeHMM 
npeacTaBJieHbi Ha pnc. 12.2. Bh#ho, hto TeMnepaTypa nocTOHHHa 
b npe^ejiax oiuh6ok. 

OTKjioHeHMH ot njiaHKOBCKoro 3aKOHa, KOTopwe npeacKa3bi- 
BaiOTCH coBpeMeHHoft TeopeTnnecKOH KOCMOJiornen, aojdkhm 6biTb 

3Ha4HTeJIbHO MeHbllie. Il03T0My TOT 4>aKT, 4T0 Mbl He o6Hapy^cH- 

BaeM 3Ha4HTejibHbix otkjiohchhh ot cneKTpa, hbjihctch nojioxn- 
TejibHbiM (J)aKTOM. Oh CBM^eTejibCTByeT, hto kocmojiooi npaBMJibHO 
noHHMaioT ocHOBHbie npoueccbi, KOTopwe nopoacaaiOT pejiHKTOBoe 
H3JiyHeHne. 




v 



Pmc. 12.1. Cneicrp a6coAK)THO nepHoro Te/\a. 

HO BepTMKaAbHOM OCH OTAOKCHbl CneKTpaAbH3fl 
riAOTHOCTb 3HeprMM, nO rOpM30HT3AbHOM HaCTO- 

Ta M3AyH6HM5i. Koamhcctbo 3Heprkin, M3AynaeMoe 
T3KMM TeAOM Ha HacTOTe i/mb Anana30He nacTOT 
Ai/, BbiHMCA5ieTC5i KaK npoki3BeAeHkie a6cukiccbi 
rpac()MKa Ha MHTepBaA Ai/. Y cneKTpa cymecTBy- 
eT MaKCMMyM. HacTb cneKTpa ao MaKCMMyMa Ha- 
3biBaeTca peAen-A>KMHcoBCKOM nacTbio cneKTpa. 
4acrb npaBee MaKCMMyMa Ha3biBaeTca bmhob- 
ckoPi nacTbio cneKTpa a6coAioTHo nepHoro Te/\a 
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fAaBa 1 2. PeAWcroBoe M3AyMeHne 



Tin 

2,730 



2,728 



2,728 



2,724 



2,722 
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Phc.12.2. rpa<()MK 3aBMCMMOCTM TeMnepaiypbi pcAMKTOBoro M3AyHeHM5i ot nacTOTbi. 

riO BepTMKaAbHOM OCM OTAOXeHa TeMnepaTypa M3AyHeHM9, BbipaxeHHafl B MMAAklKCAb- 
BMHaX. riO rOpM30HTaAbHOM OCM OTAO>K6Ha HaCTOTa, Ha KOTOPOM BCAMCb M3M6P6HM51, 

BbipaxeHHaa b cm" 1 . Aaa Toro HTo6bi nepccHmaTb aiy bcamhmhy b fU, Heo6xoAMMO 
yMHOXMTb ee Ha CKopocTb CBCTa. nocAe 3Toro HacTOTa, CKaxeM, paBHaa 1 cm" 1 , 
cooTBeTCTByeT nacTOTe 30 fFU 



AHH30TpOnHH pCAHKTOBOrO M3AyHCHMH 

AHH30TponHH — 3to pa3HHua TeMnepaTypw pejiHKTOBoro H3- 
jiyneHHH b pa3JiH4Hbix HanpaBJieHHHX Ha He6e. OHa B03HHKaeT H3- 
3a HecKOJibKHX (J)H3HHecKHX MexaHH3MOB. nepe*mcjiHM hx. Ilpeagje 
Bcero 3TO 3<J)4)eKT CaKca— Bojib(J)a. Oh B03HHKaeT, Kor^a (J>otoh 
pacnpodpaHHeTCH b Heo^HopoflHOM rpaBHTaijHOHHOM nojie. Ecjih 
4>otoh OTHaceTca no HapacTaiomeMy rpaBHTaijHOHHOMy noieHijHa- 
jiy oh TepaeT cbok) 3Heprnio h HcnbiTbiBaeT KpacHoe CMemeHHe, 
ecjiH oh OTHaceTca no y6biBaiomeMy noTeHunajiy oh npno6peTaeT 
3Heprnio n ero nacTOTa cMemaeTca b rojiy6yio nacTb cneicrpa. fljia 

O^HOrO 4>OTOHa 3TOT 34>(J)eKT npHBOflHT K H3MeHeHHK) HaCTOTbl, flJIH 

aHcaM6jiH 4>otohob — k H3MeHeHHio hx TeivinepaTypbi. 
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BTopoft 3$4>c KT — 3(J)4)eKT CwjiKa. Oh B03HHKaeT ^jih a^wa- 
6araHecKMX 4>jiyKTyaaHH itjiothocth. Ecjim 3HTponnfl ruia3Mbi (t. e. 
OTHOiueHMe racjia 6apnoHOB k qncjiy 4>otohob) o^Hopo^Ha no npo- 

CTpaHCTBy, TO 4)JiyKTyaaHH nJIOTHOCTM MaTepnH npHBO£HT k 4)JiyK- 

TyaaHHM HHCJia 4>otohob. flpyrMMM cjiOBaMM, MecTo, me 6ojibiue 
njiOTHOdb, 6yzjeT ropHHeft. riocjie npocBeuieHHfl TaKHe HeoflHopo^- 
hocth BbinumHT KaK Myap hjih pa6b Ha noBepxHOdH nocjie^Hero 
paccenHHH. 

Hapsmy c H3MeHeHHHMH njioTHocra Ba^Hyio pojib HrpaeT #on- 
njiep-34)$eKT neKyjrapHoro OTHaceHHH BemecTBa, t. e. cjiynaimbie 
ABH^ceHHa, HajioaceHHbie Ha o6mee xa66jioBCKoe pacmnpeHHe. H3- 

3a 3TOrO flBHXeHHH 3HeprHH M3JiyHeHHbIX ^OTOHOB MeHHeTCH B co- 
OTBeTCTBHM C 3$$eKTOM flonnjiepa — 3TO eCTb TpeTHH (|)H3H4eCKHH 
MexaHH3M, BbI3bIBaK)mHH aHH30TpOnHK) peJIHKTOBOrO H3JiyHeHMH. 

He CBH3aHHbIM HenOCpeACTBeHHO C B03MymeHHHMH MeTpMKH 

b 3noxy peKOM6MHaunH, ho BaxHWM npn onncaHHH 3bojiioijhh Bce- 
jieHHoft npn OTHOCHTejibHO HH3KHX 3Ha^eHHHx KpacHoro CMemeHHH 
2; ^ 5—10 HBJineTCH 3(J)(J)eKT CioHneBa— Sejib^OBHHa. Oh B03HHKaeT, 
Koma pejiHKTOBbie (JxrroHbi npoxo^T nepe3 o6jiaKo ropn^Hx 3JieK- 
tpohob h b pe3yjibTaie aKTOB paccenHHH 3JieicrpoHbi nepe^aioT hm 
HacTb CBoeft 3HepraH, h3mchhh hx TeMnepaTypy. 

PejiHKTOBbie 4>OTOHbi H,ayT k HaM co Bcex HanpaBJieHHH He- 
6ecHOH c^epbi. Ilo3TOMy a^eKBaTHbift MaTeMaTHqecKHH annapaT 
jui% aHajiH3a yrjiOBoro pacnpe^ejieHHH pejiHKTOBoro H3jiy<ieHHH — 
pa3Jio^KeHHe no c^epwHecKHM 4>yHKUHflM hjih no MyjibTnnojibHbiM 
rapMOHHKaM. Pacnpe^ejieHHe «aMnjiHTyn ( a rapMOHHKH — ee ho- 
Mep» o6pa3yeT cneKTp (jDJiyioyauHH pejiHKTOBoro H3Jiy4eHHH. Oh 
onpe^ejiaeTCH cneicrpoM B03MymeHHH itjiothocth h cneKTpoM rpa- 
BHTauHOHHbix bojih, a TaioKe nepe4HCJieHHbiMH Bbiine 3$4>eKTaMH 
(CaKca— Bojib(|)a, CnjiKa h flonnjiepa) . 

Ka^abin mar b HccjieflOBaHHH pejiHKTOBoro H3JiyneHH$i Tpe- 
6oBaji 6ojibinHx ycHjiHH 3KcnepHMeHTaTopoB. O^HaKO, Heo6xoflHMO 

OTMeTHTb, HTO KaXflblH Iliar npHBOAHJI K Ba^CHblM (j)H3H4eCKHM 
OTKpblTHHM H 6bIJI Ba^CHblM KOHljenTyaJIbHblM Bbl6opOM B KOCMOJIO- 

thh b u,ejioM. OTKpbirae pejiHKTOBoro H3JiyneHHH hjih Ha6jnoAeHHe 
nepBoft MyjibranojibHOH rapMOHHKH — MOHonojibHoii — no^TBep- 
#hjio Teopnio ropnqeH BcejieHHoii. Ceifaac (jmicr cymecTBOBaHHH 
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pejiHKTOBoro H3JiyHeHH5i HBjiHeTCJi o^hhm H3 pemaiomHX apryMeHTOB 
TeopHH Bojibiuoro B3pbiBa b ucjiom. Cjie^yiomHH mar — otkph- 
rae ^MnojibHOH rapMOHHKH — noTpeGoBajio yBejinqeHHH hybctbh- 
TejibHocTH pa^MOMeipoB b 1 000 pa3! AMiuiHTyaa 3toh rapMOHHKH 
codaBjiHeT Bcero 3 mK. Ee H3MepeHHe no3BOJiHJio yeraHOBHTb Haw- 
6ojiee yHHBepcajibHyio CHcreMy omeTa, onpe^ejiHTb neKyjiapHbie 
CKOpOCTH rajiaKTHK h t. n. IIomck KpynHOMacuiTa6HOH aHH30TponnH 
(coBpeMeHHoe 3HaHeHHe aMnjiHTyzjbi (jxnyKTyaunii ~ 30 fiK) BHOBb 
noTpe6oBaji yBejinneHUH HyBCTBHTejibHoc™ npn6opoB b 100 pa3. 

AHH30TpOnMH pejIHKTOBOrO H3JiyMeHHH 6bIJia OTKpblTa b 1992 r. 

Abtop KHHra caM npHHHMan ynacTHe b o6pa6oTKe aaHHbix, nojiy- 
neHHbix b xo^e 3KcnepnMeHTa Ha 6opTy KOCMHnecKoro annapaia ce- 

PHH «IlporH03». 3KCnepMMeHT Ha3bIBaJlCH «PeJIMKT» (cm. pmc. 12.3). 

Ha cnyTHHKC 6mji ycTaHOBJieH pa^HOMeip Ha juinny bojihh 8 mm c pe- 

KOp^HOH no TOMy BpeMeHH qyBCTBHTeJIbHOCTbK) no H3MepeHHK) TeM- 

nepaTypw: 35 MHJUiMKejibBHH 3a ceKynay HaKonjieHna. Pa^HOMeip 

Ha OflHy HaCTOTy HBJIHJICH CaMbIM yfl3BHMbIM MeCTOM C TOHKH 3peHHH 

acTpoHOMMH. MHoroqacTOTHbift 3KcnepnMCHT no3BOjinji 6bi cpa- 
3y BbiacHHTb npnpoay aHH30TponnH. 3KcnepnMeHT rana «PejiHKT» 
ocTaBJiHJi MHoro MecTa ajih cneKyjiauHH o npwpoae aHH30Tponnn. 
Pa^HOMeTp npe^cTaBji5ui H3 ce6a jxbc pynopHbie aHTeHHbi, yroji Mex- 
jiy KOTopbiMH cocTaBJiaji 90°, npnqeM ^narpaMMa HanpaBJieHHOcra 
Ka^moft aHTeHHbi cociaBjiajia 5°, h co6ctbchho pawoMeTpHHecKHH 
Tpaicr. CnyrHMK McmieHHO BpamajicH BOKpyr cBoeft och, aejiaa ooth 
o6opoT 3a flBe MHHyrbi. O^hh pynop 6bm HanpaBJieH b^ojib och 
BpameHHH h Bee BpeMH npHHHMaji pa^HOCHmaji H3 ootoh He6ecHoft 
T04KH. Oh Ha3biBajiCH onopHbiM pynopoM. Biopoft 3a rbq MHHyTbi 

nOJIHOCTbK) «npOCMaTpHBajI» (B aCTpOHOMHH npHHHTTepMHH «CKaHH- 

poBaji») 6ojibinoH Kpyr He6ecHOH c(|)epbi. B TaKOM nojioxeHHH cnyr- 
hhk HaxoflHjicH npHMepHO He^ejiio, ycneBan npocMOTpeTb Ka^mbifi 
3jieMeHT 6ojibmoro Kpyra HecKOJibKO twchh pa3. Hocjie 3Toro cnyr- 
hhk nepeopneHTHpoBajicH h cKaHHpoBaji hobmh Kpyr Ha He6e. TaKHM 
o6pa30M 6wjia nojiyneHa Kapia Bcero He6a Ha flJMHe bojihm 8 mm. 

^jih npoBe^eHHH 3KcnepnMeHTa 6bijia Bbi6paHa BbicoKoano- 
reHHaa op6nia c 6ojibinoH nojiyocbio paBHOH 400 000 km. IlpH 
3tom T04Ka anorea, KaK jierKO BHtfeTb, Haxo^Hjiacb ^ajibine op- 
6nTbi JlyHbi. CaM cnyrHHK cymecTBOBaji He^ojiro. AnnapaTypa 
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Pmc. 12,3. Ha pncyiHKe noKa3aH cnyTHHK «PeAmcr». Oh 6biA 3anymeH b KOCMnnecKoe 
npocTpaHCTBO b 1 984 r 3a bto BpeMJi noAeTa KOCMMHecKMki annapaiycneA «ocMOTpeTb» 
Bee He6o, HeKOTopt>ie ynacTKM MHoroKpaTHo. B pe3yAbTaTe ero pa6oTbi 6biAa noAyneHa 
noAHaa paAHOKapia He6a Ha nacTOTe 37 rru 

cnyTHHKa «PejiHKT» pa6oiajia nojiro,n,a, KapTorpac^MpyH He6ecHyio 
c$epy. 3a BpeMH pa6oTbi 6bijio nojiyneHO CBbime 10000 n3MepeHHH. 
B 1984 r. annapaT npeKparaji cBoe cymecTBOBaHHe, a b 1985 r. 
no npocb6e H. B. 3ejib#OBH4a a no^KJiFOHHJica k pa6oie no o6pa- 
6oTKe 3Toro 3KcnepnMeHTa, KOTopwe npoBO^Hjincb b HHCTmyTe 
KocMHqecKHX Hccjie^OBaHMH (MKM AH CCCP) nojx pyKOBO^CTBOM 
Hropa ApKa^beBnqa OpyKOBa. 

Ro 3Toro BpeMeHH KOCMOJiorHH 6buia npaKTHqecKH bhc c(J)epbi 
mohx HayMHbix HHTepecoB. npniujiocb MHoroe H3ynaTb «Ha xo#y». 3a- 
to n pa6oTa 6buia HHTepecHaa. OcHOBHan 3a#ana 3aKJiio4aJiacb b tom, 
hto6w pacnpe^ejiHTb n3MepeHHH, nojiyneHHbie b BH#e oflHOMepHbix 
MaccMBOB qnceji, Ha He6ecHyio cc^epy, Bbi6paTb ajiropnTM o6pa6oT- 
km ^aHHbix, Mo^ejinpoBaTb npouecc npoxo^aeHna cnraajia 4epe3 
M3MepHTejibHbitt TpaKT HT.n. B o6iueM, o6biHHa5i HayHHan pa6oia. 

Ilpoaecc KOMnbioTepHoro Mo^ejinpoBaHMH Tor^a 3aHMMaji mho- 
ro BpeMeHH. Ha Mo^ejinpoBaHHe oahoh myMOBoft KapTbi yxo^Hjio 
HecKOjibKO nacoB cneia. OcHOBHan BbmHCJiHTejibHaa TexHHKa, ro- 
CTynHaH HaM, npe^ciaBjiajia H3 ce6a EC 1045, ojmy H3 nocjieflHHX 
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aonoTonHbix MamHH BbmwcjiHTejibHoro MMpa 1980-x ro#OB, a Taoce 
npocTeHbKyio MauiHHy Kjiacca PC. 

IlepBaa o6pa6oTKa KapT He6a b MHKpoBOJiHOBbix Jiynax noica3ajia 
OTcyTCTBHe aHM30TponMM. Hauia rpynna Hauuia TOJibKO BepxHHH 
npe^eji Ha aHM30TponMM pejiHKTOBoro H3JiyHeHHH. HenpaBHjibHO 
6biji Bbi6paH ajiropmM o6pa6oTKH, a Taoce 6bma Bbi6paHa cjimiiikom 
ynpomeHHan Mo^ejib pa^HOTpaKTa npHCMHOH annapaiypbi. GraTbH 
c 3thmh pe3yjibTaTaMH 6buia ony6jiMKOBaHa b 1987 r. 

Bee 3to a H3Jiaraio 3^ecb ajih Toro, 4to6h noKa3aTb HMTaiejiaM, 
KOTopbie 3axoT«T nocBHTHTb ce6a HayKe, hto b Heft hct ninpoKoft 
CTOJiGoBOft ^oporn h Ka^mbifi HayHHbift (J>aKT nojiyqaeTca b pe3yjib- 
TaTe ynopHoro, HHor^a MHorojieTHero, Tpy^a. 

Cjie^yiomHH 3Tan pa6oTbi naji crap m mm aaHHbiMH cB»3aH c npit- 
xo^om b Hamy rpynny BbinycKHHKa IbcyaapcTBeHHoro acTpOHOMH- 
necKoro HHCTHTyra (rAMUI) Mry A. A. BpioxaHOBa. Ero CBeacuft 
B3rjiH^ Ha npo6jieMy no3BOJinji cymecTBeHHO yjiynuiHTb MO^ejib TpaK- 
Ta h o6Hapy>KHTb aHH30Tponnio, «cHrHaji», KaK mm Toma roBopwjiH. 
BcKope nocjie oco3HaHMH npaBHJibHoft MO^ejin paflHOTpaicra AH^peft 
BpioxaHOB 3a»BHji, 4to Ha pa^HOKapTax o6Hapy>KeHa aHH30TponwH. 
Ilocjie nepBoro coo6meHHH eme uejibift tor mh 3aHHMajincb Moae- 
jiHpoBaHHeM, npoBepHH pa3JiHHHbie ranoTe3bi o npnpo#e «CHrHajia». 
Hto 3to? CjiynattHbift uiyM Ha KapTe hjih peajibHaa aHH30TponHH? 
OKOHnaTejibHO Bonpoc Hac 6bui peiueH k KOHijy 1991 r. 3to 6biji 
peajibHbift cwrHaji. npaB^a, M3-3a HeflOCTaTOHHoft HyBCTBHTejibHocra 
HaaeacHocTb o6Hapy>KeHHH aHH30TponHH BHymajia eme HeKOTopwe 
onaceHwa. 

B HHBape 1992 r. Ha HayHHOM ceMHHape b TAHIII A. A. Epioxa- 
hob BbiCTynMJi ot JiHua Bcett rpynnbi (3/jecb cjie^yeT ynoMHHyrb, hto 
3Ta rpynna cocrofljia M3 pyKOBOflmejra 3KcnepnMeHTa H. A. Crpy- 
KOBa, ]\. II. CicyjiaqeBa, A. A. BpioxaHOBa h aBTopa khh™) c co- 
o6meHHeM 06 o6Hapy>KeHHH aHH30TponHH. O^HOBpeivieHHO 6bijia 
nocjiaHa daTba b HayHHbift acypHaji Ha pyccKOM H3biKe («nncbMa 
b AcTpoHOMHqecKMH >icypHaji») h qyrb no3>Ke b acypHaji Kopo- 
jieBCKoro AdpoHOMMHecKoro o6mecTBa (Monthly Notices of Royal 
Astronomical Society). 

K 3TOMy BpeMeHH co3flaHHbift HACA KOCMHHecKHft annapaT 
«COBE» (a66peBnaTypa aHrjiHftcicoro TepMHHa COsmic Background 
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Explorer, cm. pnc. 12.4), aHajionmHbm annapaTy «Pcjihkt», xoth 

H 3Ha4MTejIbH0 yCOBepiIieHCTBOBaHHblH, HaXOflHJICH Ha 0K0JI03eMH0H 

op6MTe yace no™ #Ba ro^a. Oh Toxe 6wji npe#Ha3HaqeH turn 

06Hap>0KeHHH aHM30TponHH peJIHKTOBOrO H3Jiy4eHHH. 




Pmc. 12.4. Ha pucyHKC M3o6pa>KeH kocmmmcckm m annapaT «COBE», 3anymeHHbiki 
HACA CLUA. B oTAMHMe ot annapaTa «PeAHKT», cnyrHMK «COBE» MMeA Tpki paAMOMeTpa 
Ha tpm nacTOTbi. Oh CKaHMpoBaA He6ecHbiPi cboa paAHOMeTpaMM, KOTopbie kiMeAM 
yroA pa3HeceHMa 60°. CnyrHMK npopa6oTaA 4 roAa, nocAe Hero M3-3a HeAOdaTKa 
(J>MHaHcnpoBaHM5i ero pa6oia 6biAa npeKpameHa 

B OTJiHHHe ot «PejinKTa» «COBE» 6mji MHoroHacTOTHbiM h mho- 
rouejieBbiM HHCTpyMCHTOM . Ha HeM 6buiH ycTaHOBjieHbi Tpw ochob- 
hmx KOMnjieKca annapaiypbi. Ozihh KOMnjieKC Ha3biBajica DMR 

H COCTOHJI H3 HeCKOJIbKHX pa^MOMeTpOB Ha TpH HaCTOTbl 32 ITu, 

53 FUx, 90 TUx. 3Ta annapaTypa npeflHa3Ha4ajiacb pjin o6Hapy>KeHHH 
aHH30TponHH pejiHKTOBoro H3JiyHeHHH. Ha^Hqne TpexnacTOTHoro 
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3KcnepHMeHTa no3BOJiHJio HccjieAOBaTejiHM c yBepeHHocTbio OTO)K£e- 
CTBHTb npnpofly aHH30TponnH. AmeHHbi Ka^caoro H3 pa^HOMeTpoB 
o6jia#ajin nojiymnpHHoft 7° m 6buiH pa3flBHHyTbi Ha 60°. 3to 6hji 
ochobhoh Hay^Hbiii KOMnjieKC, m pyKOBOijHTejieM 3KcnepHMeHTa 
6hji J\k. CMyr — H3BecTHbitt pa^woacTpoHOM, BnepBbie npaBMJibHO 

H3MepMBIHMM flHnOJIbHyiO KOMnOHeHTy aH H 30TpOIl H H pejiHKTOBoro 
M3JiyHeHHH. 

Btopwm no 3Ha4eHMio 3KcnepH MeHTOM Ha 6opTy «COBE» 6biJi 
FIRAS (Far InfraRed Absolute Spectrophotometer). Ochobhoh 3a- 
^aneH 3Toro npn6opa 6wjio H3MepeHHe cneicrpa pejiHKTOBoro H3- 
jiyneHHH c TOHHocTbio, b cto pa3 npeBbiuiaiomeii Bee npe^bmymwe 
H3MepeHna. Ecjih 6m BcejieHHaa 6bijia 3anojiHeHa HepHbiMH abipaMH 

RO KpHTH4eCKOH njIOTHOCTH, KOTOpbie H3JiyMaK)T 3JieKTpOMarHHTHbie 

bojihh (TaK Ha3biBaeMbiH MexaHH3M XoKHHra), to FIRAS 3aperw- 
CTpHpoBaji 6bi cooTBeTCTByiomHe MCKaxeHHH cneKTpa pejiHKTOBoro 
H3JiyneHHJi. 

HaKOHeu, nocjie^HMH HaynHbift KOMnjieKC Ha3biBajica DIRBE 
(Diffuse InfraRed Background Experiment). DIRBE 6wji npejma3Ha- 
4eH fljiH 06 h apy^ce h hh cjia6oro CBeqeHHH ot nepBbix 3Be3,n, h rajiaKTHK 
BcejieHHOH. Ohh aojdkhu 6wjih po#HTbca Ha cbct aaBHO, mx pac- 
CTOHHHe ro Hac codaBJiaeT 20 raranapceK. EciecTBeHHO, cbct hx 
#ojDKeH npe^cTaBjiaTbCH b bhac cjia6oro 4>oHOBoro cBeqeHHH, ko- 
Topoe HeB03MOXHo 3aperHCTpwpoBaTb c noBepxHOCTH 3cmjih H3- 
3a cBeneHHH aTMOC(j)epbi. Bojiee Toro, npH6opbi, ycTaHOBJieHHbie 

Ha CnyTHHKe, 6bIJIH TaKHMH HyBCTBHTejIbHblMH, hto o6Hapy>KHjiH 6bl 

nepBHHHoe cBeneHHe jiaxe b tom cjiynae, ecjiH 6bi oho coeraBJiajio 
o#HH npoaeHT ot 30,aHaKajibHoro CBeTa! 

B KOHue anpejiH 1992 r. Hay^HbiH pyKOBo^HTejib npoeKTa DMR 
fl)K. CMyT Ha cneuwajibHO co3BaHHOH npecc-KOH(j)epeHUHH o6t>hbhji 
06 OTKpbiTHH aHH30TponHH pejiHKTOBoro H3JiyHeHHH. Coo6meHHe 
6bijio pacnpocTpaHeHO no BceMy cBeTy cpe^cTBaMH MaccoBOH hh- 
(})opMauHH KaK HayHHaa HOBocTb HOMep oahh. ^x. CMyr CTaji repoeM 
aha! 

PenopTepbi nocBamajiH 3TOiviy coGmthio cTaTbH h c jiencoH pyKH 
oflHoro H3 penopTepoB, kotopwh o6t>hbhji, 4to Tenepb nejioBeqecTBo 
yBH^ejio jihk «rocnofla 6ora», paflHOKapra «COBE» nojiynHjiw 6ojib- 
myio nonyjiapHocTb, npoHHKHyB ziaxe b H3ziaHHH, aajieKHe ot Hay km. 
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Xo4eTC5i Bce-TaKH 3aMeTMTb, 4T0 nepBMM «jihk rocno^a 6ora» yBM^eji 
BbinycKHMK TAMllI MTY, Ham cooTeqecTBeHHMK AnApeH EpioxaHOB. 

06a cnyTHMKa MorjiM o6Hapy>KMTb TOJibKo KpyriH0MaciiiTa6HyK) 
aHM30Tponnio. XapaKTepHbiH yrjioBOH Macurra6 nepeMeHHOc™ TeM- 
nepaTypw pejiMKTOBoro H3JiyncHMH cocTaBjraji acchtkh rpaaycoB. 




Pmc. 12.5. Ha KapTe He6a npeAdaBAeHO pacnpeAeAeHwe TeMnepar/pbi peAwcroBoro 
M3AyHeHna. 3Aecb npuBeASHa TaK Ha3biBaeMaa npoeKUMH AmoBa-XaMMepa. Pa3Mep 
Ka>KAoro KBaApaTMKa paBeH 5° x 5° 

Ha pwc. 12.5 npezjcraBjieHa Kapia He6a b paAHOJiy^ax Ha qado- 
Te 37 ITu, cocTaBJieHHaa no pe3yjibTaTaM 3KcnepHMeHTa «PejMKT». 
MHoroHHCjieHHbie 6ejiwe nojiocw — 3to TaK Ha3biBaeMbie «nopa- 
)KeHHbie» ynacTKM He6a. B xojxq npoBe^eHHH 3KcnepHMeHTa b pynop 
nona^ajio H3Jiy4eHHe ot JlyHbi, 3eMjiH (HanoMHMM, hto 3KcnepnMeHT 
npoBO^HJicfl b KocMoce), jim6o ot flpyroro M3Becraoro m MomHoro 
HCTo^HMKa. J~[o3TOMy HacTb ^aHHbix npwiiijiocb y^ajiMTb M3 aHajiH3a. 
TaK bo3hmkjih 6ejibie nojiocw. TojiCTaa 6ejiaa nojioca pacnojioateHHaa 
Ha cepe^HHe KapTbi npcaeraBJiaeT pa^noH3JiyHeHne rajiaKTHHecKOH 
njiocKOCTH, KOTopoe Toxe 6wjio yaa/ieHo H3 aHajiH3a. Bee 3tm ynacT- 
kh He6ecHOH c(J)epbi Gwjim npocTo «Bbipe3aHbi». Pa3JiH4Hbie nuKcejiH 
(KBa^paTHKH, pa3MepoM npwMepHo paBHbie TejiecHOMy yrjiy zuiarpaM- 
mm HanpaBJieHHOCTM aHTeHHbi) noKpameHbi b pa3JiM4Hbie ottchkh 
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ceporo UBeTa. Ohm cooTBeTCTByiOT pa3H0ft TeMnepaType pejiHKTOBo- 
ro MSJiy^eHHa Ha ^aHHOM y^acTKe He6a. AHH30TponHfl pejiHKTOBoro 
H3JiyHeHHH noKa3aHa 3#ecb pa3HHMH orreHKaMH ceporo UBeTa. 




Pmc 12,6. rioKa3aHa CMHTe3kipoBaHHaa Kapia aHM30Tponnki peAki KTOBoro M3AyHeHna, 
noAyneHHafl KaK pe3yAbTaT 3KcnepkiMeHTa "COBE". OTAeAbHbie nkiKceAM He bmahw, tcm 
He MeHee yrAOBoe pa3peweHne KapTbi npMMepHO TaKoe xe KaK b 3KcnepnMeHTe 

«PeAMKT» 



Ha puc. 12.6 npHBe^eHa cnHTe3HpoBaHHaa KapTa He6ecHoft ccj)e- 
pw, nojiyneHHaa b xo#e npoBcaeHHH 3KcnepnMeHTa «COBE». Pas- 
Han HaCbllljeHHOCTb nHKCeJieft KapTbi BHOBb COOTBeTCTByeT pa3H0H 

TeMnepaType pejiwicroBoro H3JiyneHHH. Ha 3toh KapTe nocTpoeHO 
pacnpe^ejieHwe aHH30TponHH pejiMKTOBoro H3jiyHeHMH, Toma KaK 
Ha KapTe «PejiHKT» He npoBe^eHo pa3,aejieHHH M3JiyHeHHH pa3jiH4H0H 
npHpo^bi. Ha KapTe «PejiHKT» noKa3aHa cyMMapHan aHH30Tponn5i 

C06CTBeHHO peJIHKTOBOrO H3JiyHeHHH, CHHXpOTpOHHOrO H3JiyHeHHH 

Haiueii TajiaKTHKH, H3JiyHeHH5i Haiueii TajiaKTHKH, nojiynaiomero- 
ch npw cbo6oaho-cbo6o^hom pacceaHHH ajieKTpoHOB Ha npoTOHax, 
h M3JiyMeHHa nbiJiM, KOTopaa cymecTByeT b Haiuett TajiaKTHKe. Hh- 

TeHCMBHOCTb BCeX TpeX raJiaKTHHeCKHX KOMITOHeHT pa^H0H3JiyHeHHH 

3aBHCHT ot HacTOTbi, no3TOMy b MHoroHacTOTHOM 3KcnepnMeHTe 
OKa3ajiocb bo3mo2cho npoBecTH pa3^ejieHwe KOMnoHeHT pa#HOH3Jiy- 

qeHHH pa3JIHHHOH npHpOtfbl H Bbl^ejIHTb aHH30TponHK) peJIHKTOBOrO 
H3JiyHeHHH. 



AHM30Tponna peAMKTOBoro M3AyHeHMa 
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B oTJinqwe ot penopiepoB MHorae cneijHajiHCTbi cKermmecKH 
BCTpeTHJiH o6i>HBjieHHH 06 o6Hapy>KeHHH aHH30Tponnn. 

TeM He MeHee, ceiiHac OTKpbirae aHM30TponHn cqnTaeTca o6me- 

npM3HaHHbIM. [lpOH30IUJIO 3TO no HeCKOJIbKHM npHHHHaM. DiaBHan 

npMHHHa CBH3aHa c TeM, hto apyrae rpynnbi 3KcnepHMeHTaTopoB 

CTajIH oGtRBJIHTb O TOM, HTO OHM TO)Ke o6Hapy>KHJiH aHH30TpO- 

nnio pejiHKTOBoro H3JiyneHHH b cpe^Hwx yrjioBbix MacuiTa6ax. 3th 
3KcnepHMeHTbi npoBo^HjiHCb pa^MoacTpoHOMaMH c Ha3eMHbix pa- 
^HOTejiecKonoB h b xo#e npoBe^eHHa 6ajuiOHHbix 3KcnepnMeHTOB. 

O^ho H3 caMbix y6e,aHTejibHbix coo6meHHH 06 o6Hapy^ceHHH 
aHH30TponHH 6biJio caejiaHO cneunajiHCTaMH aHrjio-wcnaHCKOH pa- 
^HoacTpoHOMH^ecKOH rpynnbi b o6cepBaTopMH Ha rope TeHepH(J). 

PyKOBO^HTeJIHMH 3KCnepHMeHTa C aHDIHHCKOH CTOpOHbl 6bIJIH H3- 
BeCTHbie aCTpOHOMbl P. ,U,3BHC H AhTOHM JIa3eH6H, a C HCnaHCKOH 

CTopoHbi Pa(J)a3Ji Pe6ojio. Hx annapaTypa pa6oTajia b o6cepBaTopHH, 
pacnojioxeHHOH Ha nHKe TeHepwtJ). Ohm bcjim Ha6jno£eHH5i He nep- 
Bbift ro,a, m KaK pe3yjibTaT MHorojieTHwx Ha6jno,aeHHil ony6jiHKOBajiw 

CBOH 3HaHeHH5I aHH30TponHM. 

B pe3yjibTaTe nocjie^yiomero aHajiH3a KapT He6a, cocTaBjieHHbix 
b o6cepBaTopHH TeHepH(J), h KapT 3KcnepwMeHTa «COBE» 6bijia 
Han^eHa KoppejiauHH Meacoiy hhmh. ^pyrHMH cjioBaMH, 6biJiH o6Ha- 
pyxeHbi cxo^Hbie CTpyicrypbi Ha o6ewx KapTax. 

Bhji TaioKe npoBe^eH 3KcnepHMeHT Hccjie^OBaTejieii H3 ITpHH- 
CTOHa b KaHa^e. Oh nojiynHji Ha3BaHHe «CacKaTyH» (no HMeHH 
ropo^a b npoBHHUHH CacKa^eBaH, b KOTopoft npoBOflwjica 3kc- 
nepHMeHT). B xo^e npoBe^eHHH 3tmx Ha6jno,aeHHH TaiOKe 6bijia 
o6Hapy>KeHa aHH30TponHa pejiHKTOBoro H3JiyHeHHH. 

KpoMe Toro, aHajiH30M KapT «COBE» 3aHajica H3BecTHbift koc- 
MOJior nojibCKoro npowcxoacaeHHfl Kpnc FopCKH. 3#ecb Heo6xo^HMO 
ynoMHHyTb, ^to nojibCKaa uiKOJia MaTeMaraKOB HMeeT jiaBHHH h 3a- 
cjiy»ceHHbiH aBTopmeT bo BceM MMpe. IlojibCKHe cneunajiHCTbi, KaK 
npaBHJio, o6jia#aioT o^eHb bhcokhm ypoBHeM MaTeMaraqecKoft no,a- 
roTOBKH. Kpnc noAKjiiOHHjica k o6pa6oTKe #aHHbix KOCMH^ecKoro 
annapaTa «COBE» no3xe npymx HcnojiHHTejieft. QzjHaKo oh cyMeji 
npHMeHHTb bck) Moms coBpeMeHHOH MaTeMaTHKH ajia o6pa6oT- 
kh 3KcnepHMeHTajibHbix aaHHbix. MHe Heo^HOKpaTHo npnxoOTJiocb 
Ha6jno,aaTb, KaK Ha nocjie^yiomnx Hay^Hbix KOH(|)epeHUHHx Kpnc 
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^OKJia^biBaji pe3yjibTaTbi o6pa6oTKH. npoH3BO,anjin rjiy6oKoe Bne- 



naTJieHne TmaTejibHOCTb h aiocypaTHocTb aHajiH3a, kotophh Dbiji 
npo^ejiaH aMepHKaHCKHMH HCCJieaoBaTejiHMH nojiyneHHH aocto- 
BepHbix ^aHHbix. 

KoHenHO, OTOejibHbie nccjieflOBaTejiH (cpe^H hhx ecTb h Kpyn- 
Hbie MeacayHapoflHbie aBTopnTeTbi b KocMOJionin) coMHeBaioTca b ot- 
KpbiTHH aHH30TponHH, ho coo6iuecTBo KOCMOJioroB Tenepb npMH5UIO 

3TO OTKpblTMe. 

CoBpeivteHHoe coctohhhc HccjieflOBaHuft TaKOBo, hto no3BOJi5ieT 
cneuwajiHCTaM yBepeHHo roBopmb 06 o6HapyxeHHn aHH30Tponnn 
b KpynHbix n cpe^HMX yrjiOBbix MacuiTa6ax, a TaiQKe o npe^BapMTejib- 
hom H3MepeHHH aMruiHTyflbi h nojioaceHHH aonnjiepoBCKoro riHKa. 

Ceifaac CBbiine ^bhtm rpynn Ha6jno#aTejieH ony6jiHKOBajin 
cboh ^aHHbie no nccjieflOBaHHio aHH30Tponnn b pa3JiH4Hbix yrjiOBbix 
MacuiTa6ax. TojibKo nepenncjieHHe jiMTepaTypbi (cTaTeft, o63opoB, 
.aoKJiaaoB Ha KOH^epeHunax) 3aHHMaeT uejiyio crpaHnuy TeKCTa. 
TeM He MeHee HOBbie 3KcnepnMeHTbi no aHH30TponnM oqeHb H>oKHbi. 
Heonpe^ejieHHocra oxaejibHbix H3MepeHHft noica eme oneHb bcjihkh, 
a HH(})opMauHH o Haiuen BcejieHHOH, o (J)H3HKe, KOTopyio Moryr flaTb 
am H3MepeHHH — 6ecueHHa. KpaTKo 3Ta HayHHaa HH^opMauHH 
6yaeT onncaHa b nocjie^yiomnx naparpacj)ax. 

B 1998 roay HTajibHHCKHMH Hccjie^oBaTejiaMM 6mji 6jiecTHme 
npoBe^eH 3KcnepnivieHT no nccjie^OBaHHio aHH30TponnH, kotophh 
Ha3biBajica «ByMepaHr». K MOMeHTy, Kor^a ^onncbiBaeTca 3Ta khh- 
ra, nojmoft MH(J)opMauHH o coctoahhh o6pa6oTKn 3KcnepHMeHTa 
eme HeT. OflHaico AjieccaH^po Mejixnoppn, mojio^oh HTajibHHCKHH 

HCCJie^OBaTeJIb, KOTOpblH HBjraeTCH o^hhm H3 ochobhmx «^BHxymHX 

chji» 3Toro 3KcnepHMeHTa, CKa3aji mhc b Tejie(J)OHHOM pa3roBope, 
hto pe3yjibTaTbi nojiyneHbi npeBOCxo^Hbie. FIofloacneM nx o6pa6oTKn! 

B03MymeHHH flAOTHOCTH M rpaBHTaUHOHHbie BOAHbl 

Hama BcejieHHaa o^HopoflHa jiniiib b cpe^Heivi, b oneHb 6ojib- 
uihx MacuiTa6ax L > 200 MnK. Flo Mepe yMeHbineHHH MacuiTa6oB 
mw BMflHM hpko Bbipa>KeHHyio CTpyKTypy b B*me CBepxcKonjieHHH 
n cKonjieHHH rajiaKTHK, caMHx rajiaicraK, mapoBbix 3Be3flHbix cicon- 
jieHHH, a TaioKe OTOejibHbix 3Be3fl h njiaHeT. 3ia cipyKTypa B03HHKJia 



Bo3Mymei-Mfl riAOTHOCTM m rpaBMTai4MOHHbie boahw 1 67 

b pe3yjibTaTe o6ycjioBjieHHoro rpaBHTauHOHHoft HeycTOHHHBOCTbio 
poda nepBOHanajibHO Majibix B03MymeHMH itjiothocth. Majibift koh- 
TpacT iljiothocth o6fl3aH cbohm npowcxoK^eHweM 4>H3MHecKHM npo- 
ueccaM Ha paHHeft (hhc^jihuhohhoh) cTa£HH pa3BMTMH BcejieHHOH. 

CpaBHHTejibHO HeaaBHo 6biJio HeacHO, KaKMe (j)H3H4ecKHe npo- 
ueccbi MorjiH npHBecra k (JxjiyKTyauHHM, cymecTBeHHbiM Ha koc- 
MOJioraqecKHx MacuiTa6ax. Ba>KHyio pojib 3#ecb cwrpajia Teopna 
HHcJwiHUHOHHOH BcejieHHoft. BaKyyMHbie KBaHTOBbie (J)jiyKTyauHH, 

KOTOpbie 06bI4H0 npOHBJIHIOTCH TOJIbKO B MHKpOCKOnHHeCKHX MaC- 

iiiTa6ax, b 3KcnoHeHuwajibHo pacinnpaiomeHCH BcejieHHoft 6bicTpo 
yBejiH4HBaiOT cbofo zyiHHy A — > Xe m h aMiuiHTyay h craHOBHTCH 

KOCMOJIOrHHeCKH 3Ha4HMbIMH. Il03T0My MO>KHO CKa3aTb, 4T0 CKOn- 

jieHHH ranaKTHK h caMH rajiaKTHKH hbjihiotch MaKpocKonHnecKHMH 

npOHBJieHHHMH KBaHTOBblX (J)JiyKTyaUHH. 

Bo BpeMH da^HH hhcJdjihijhh b paHHeft BcejieHHoft CKanapHoe 
nojie, ynpaBjiHK)mee HHcfxjrauHeft, «CKaTbiBaeTca» H3 HepaBHOBec- 
Horo coctohhhh b paBHOBecHoe. Bo BpeMa 3Toro HecTauHOHapHoro 
npouecca npoHCxo^HT reHepauHJi H3 BaKyyMHbix KOJie6aHHft rpaBHTa- 

UHOHHoro nojia KaK 4>JiyKTyauHH ILJIOTHOCTH, TaK H ipaBHTaUHOHHblX 

bojih. FIocKOJibKy npnpoaa reHepnpyeMbix nojieft pa3JiH4Ha, to h 3a- 
BHCHMocTb hx aivinjiHTya ot napaMeTpoB h xapaicrepHCTHK HecTauH- 
OHapHoro npouecca, ynpaBJiaiomero HH^jrauHeft, TaioKe pa3JiH4Ha. 
MMeHHo 3to pa3JiHHHe no3BOJiaeT, 3Han no oraejibHoc™ aivinjiHTyay 
cxajiapHoro nojra h aMnjimyay rpaBHTaijHOHHbix bojih, BoccraHa- 
BJiHBaTb pa3jiHHHbie xapaKTepHCTHKM noTeHunajia CKajiapHoro nojra, 
ynpaBJiaiomero HH<J)jiHUHeft. ^pyniMH cjiOBaMH, 3to no3BOjmeT pe- 
KOHCTpynpoBaTb 4>H3HKy 3JieMeHTapHbix qacTHU, b o6jiacra 3Heprwft 
10 16 T3B. 

Bo BpeMH hhc^jihuhh o6pa3yeTca creneHHoft cneicrp (jxrcyicrya- 

UHH njIOTHOCTH CO CneKTpaJIbHbIM HHfleKCOM, 6JIH3KHM K e#HHHIje. 

TaKoft cneicrp b kocmojiohih 6bui npe#CKa3aH SI. B. 3ejibflOBH4eM 
h Ha3biBaeTC5i cneKTpoM 3ejibflOBH4a— XappncoHa. Cneicrp B03My- 
meHHft njIOTHOCTH HBjiaeTCH cTeneHHbiM, KaK m cneicrp rpaBma- 
UHOHHbix bojih, ho oTjiH^aeTCH ot cneicrpa rpaBHTaUHOHHblX BOJIH 
He TOjibKo aMnjiHTyaoH, ho h cneicrpajibHbiM HH^eKcoM. 

Cneicrp aHH30TponHH (MyjibTHnojibHbix rapMOHHK) , Bbi3BaHHbift 
B03MymeHHHMH njIOTHOCTH, cymecTBeHHO OTJiH^aeTCH ot cneKTpa 
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aHH30TponHH, BbI3BaHHOrO rpaBHTaUMOHHWMH BOJIHaMH. DiaBHoe 

OTJiHHwe 3aKjiK)4aeTCfl b tom, hto nocjie I « 30 BKJia# rpaBHTaijH- 
ohhmx bojih b aHH30TponHio noflaBjiaeTca, a BKJia^ B03MymeHHH 

njIOTHOCTH HaHMHaeT paCTH M3-3a 3(J)4)eKTMBHOrO BKJia^a 3(J)(})eKTa 

CnjiKa h 34>(i)eKTa flonnjiepa. 

06pa3yeTCH AonnjiepoBCKHH riHK, MaKCHMyM KOToporo jiokmt 
npn I « 250, a aMnjiHTy^a ero b HecKOJibKO pa3 6ojibme, 4eM 
aMnjiHTyaa njiocKoro cneKTpa. Cneicrp MyjibTHnojibHbix rapMOHHK 

aHM30TpOIlMH , BbI3BaHHbIH B03MymeHHHMH njIOTHOCTH CO CneKTpOM 

3ejib#OBH4a— XappwcoHa, b cpaBHeHHH c aHH30TponneH, Bbi3BaH- 
hoh rpaBHTauHOHHbiMM BOJiHaMM c TeM ace cneKTpoM, H3o6paaceH 
Ha phc. 12.7. 
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Pmc. 1 2.7. Ha pkicyHKe npeAcraBAeH tcopctmhcckmm cneicrp aHM30Tponnn peAMKTOBO- 

TO M3AyMeHMfl. DO rOpM30HTaAbHOkl OCM OTAOtteH HOMep MyAbTMnOAJI, no BepTMKaAbHOPl 

ero aMnAMTyAa. OTAOxeHbi ABa bma3 cneicrpoB. BepxHMM cneKTp — aHM30TponMfl, 

B03HW<aiOmafl M3-3a B03MyLUeHMM riAOTHOCTkl, HM>KHMkl - aHM30Tponnfl, Bbl3blBaeMafl 
rpaBMTaUMOHHbIMM BOAHaMM 



EdecTBeHHo, hto Ha6jnoflaeMbiH cneicrp npeflCTaBjraeT co6oh 
cyMMy flByx cneicrpoB, TaK hto nacTb, cooTBeTCTByiomaa hh3khm 
rapMOH m KaM , npn 2 < / < 50 HMeeT 6ojibiijyio aMnjiHTyijy rapMOHHK 

no CpaBHCHMK) CO CneKTpOM, 06pa30BaHHbIM TOJIbKO B03MymeHMHMH 
njIOTHOCTH. 



Bo3MyiueHMfl daothoctm h rpaBMTauMOHHbie BOAHbi 1 69 

— — — — — ^— — — — — _ — — — —————— 

06paTHM cneunajibHo BHHMaHHe Ha to, hto BKjia# rpaBmauH- 

OHHblX BOJIH B MyjIbTMnOJIbHbie rapMOHMKH C BblCOKMMH HOMepaMH 

(I > 30) hhhtoxcho Maji. 3Ha4MT, fljiH pa3aejieHHH BKjia^a rpaBH- 
TaitHOHHbix bojih ot BKjia^a B03MymeHHH njioTHOdH Heo6xo,zjHMbi 
^onojiHHTejibHbie H3MepeHHH. 

BOCCT3HOBA6HM6 nOTeHUM6Aa HH(J)AflL4MM 

MeTOfl cpaBHeHHa aivinjMTya MyjibTHnojibHbix rapMOHHK c HH3- 

KHMH / H BblCOKMMH / 6bIJI npHMeHeH K Ha6jHO^eHHHM aHH30TpOIIHH 

b cpe^HMx MacuiTa6ax, BbinojiHeHHbiM Ha pa^noacTpoHOMHHecKOH 
o6cepBaTopHH Ha ocrpoBe TeHepH<J)e h npHHCTOHCKoii rpynnoft, 
aHTeHHa kotopoh Haxo^HJiacb b KaHaacKOH npoBHHUHH CacKaqe- 

BaH. TmaTeJIbHblH aHaJIH3, CfleJiaHHblH pOCCHHCKO HTajIbHHCKHMH 

HCCJie^OBaTejiHMH (co CTopoHbi HiajiHH b rpynny bxo^hjih 3HaMe- 
HHTbiH KOCMOJior Hhkojio Bhttopho h Ajieccanapo MejixHoppw), 
no3BOJiHji oaejiaTb npe^BapHTejibHoe 3aKjiK)4eHHe o cymecTBOBa- 

HHH rpaBHTaiJHOHHblX BOJIH. CpaBHCHHC TeopeTHHeCKHX BblHHCJie- 

hhh h HaGjiioaaTejibHbix ^aHHbix noica3ajio, hto ceftqac roBopHTb 
o nojioatHTejibHOM BKJia^e rpaBHTauHOHHbix bojih b aHH30TponHK) 

pejIHKTOBOrO H3JiyHeHHH M03CHO, XOTH BblBOfl Hy>K^aeTCH B aoiiojihh- 

TejibHoft npoBepKe. 

Oicio^a moxho c^ejiaib HeKOTopbie bmbo^h 06 sbojiiouhh CKa- 
jiapHoro nojifl, KOTopoe ynpaBjraeT HH^jifluweH h KOTopoe onw- 
cbiBaeT (J)H3HHecKHe B3aHMO^eHCTBHH b 3HepreraqecKOM ^Hana30He 
10 16 TaB. ripeacae Bcero Heo6xo,ntHMO CKa3aTb, mo H3 nojiyqeHHoro 
BepxHero npejjejia cjieayeT npeaeji Ha cooTHomeHHe noieHUHajibHott 

H KHHeTHHeCKOH 3HeprHH CKaJIflpHOrO nOJIJI BO BpeMH HH(J)JIHUHH. Oh 

BbirjiH^HT cjie^yiomHM o6pa30M. noTCHUHajibHan 3Hepraa cKajiap- 
Horo nojia V((f>) npeBbiuiaeT KHHeTHHecicyio 3Hepraio CKajiapHoro 

1 * 2 

nojia 2 0 B HecKOJibKo pa3. 3to BaacHbift BbiBoa. Tenepb mo>kho 
CKa3aTb, 4to ranoTe3a «MeaJieHHoro c KaTbi BaHHH » («slow rolling» 
b aHrjioH3bi4HOH jiHTepaiype) nojiynnjia 3KcnepHMeHTajibHoe non- 
TBepx^eHHe. rioKa 3to eme He npaMbie H3MepeHHH noTeHuwajia 
CKajiapHoro nojia hjih (h) ero npoH3BO^Hbix. TeM He MeHee, 3to 
nepBbie 3KcnepHMeHTajibHbie aaHHbie, oTHocflmwecfl k noBeaeHHio 

B3aHMO^eHCTBHH b o6jiacTH 3HepniH 10 16 FsB. 
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3Ha4eHne noieHUHajia npn HyjieBOM 3HaneHHH nojia 0 = 0 
He paBHo Hyjiio: Vq > 0, 6ojiee Toro, oho HipaeT pojib A-njieHa 
b paHHeii BcejieHHoft, BejiHHHHa KOToporo 3Ha4HTejibHo 6ojibine 
coBpeMeHHoro (Ha MHoro nopanKOB). 3to 03HaqaeT, hto b paH- 
Hefi BcejieHHoft aojdkho cymecTBOBaTb eme o^ho cicajiapHoe nojie, 
KOTopoe npeKparajio hh4>jihuhio. Bmboa HeoaamaHHbift. 

TeM He MeHee, 3th bmbo^w Hyac^aioTca b flonojiHHTejibHoft 
npoBepKe MeTO,aaMH, KOTopwe He 3aBHcaT ot HanajibHbix npe^nojio- 

>KeHHH. O^HHM H3 TaKHX MeTOflOB HBJIHeTCH H3MepeHHe nOJIHpH3aUHH 
pejIHKTOBOrO H3JiyHeHHH. 

nOAHpH3ai4H5l pCAMKTOBOrO MSAyHCHMH 



CaMO pejiHKTOBoe H3JiyMeHHe He nojiapH30BaHo. riojiapH3a- 
Uhh B03HHKaeT TOJibKO b tom cjiynae, ecjiH pejiHKTOBoe H3JiyneHHe 
pacceHBaeTca Ha ajieicrpoHax. Phc. 12.8 AeMOHCTpnpyeT MexaHH3M 
o6pa30BaHHH nojiHpH3auHH npw pacceaHHH njiocicoft, npoH3BOJibHo 
nOJI5ipH30BaHHOH BOJIHbl Ha o^hom sjieicrpoHe. Ecjih 3JieKTpoMar- 
HHTHoe M3^yHeHne «CBeraT» Ha 3JieKTpoH M30TponHO, to pacceaHHoe 
H3JiyneHHe HenojiapH30BaHo. IIo3TOMy win o6pa30BaHHa qacTHMHO 
nojiapH30BaHHoro H3JiyneHHa npn pacceaHHH HenojiapH30BaHHoro 

H3JiyHeHHH Ha 3JieKTpOHaX Heo6xOflHMbI TpH yCJIOBHHI 

1) aHH30TponHH peJIHKTOBOrO H3JiyHeHHH Ha MOMeHT o6pa30BaHHa 

nojiapn3auHH; 

2) wcTaT04H0 njioraaa njia3Ma, KOTopaa o6ecneHHBaeT aocTaTOH- 
ho 6ojibiuoe KOJiHnecTBo HHflHBH^yajibHbix aKTOB pacceaHHa; 

3) pacumpeHHe BcejieHHoft h flocraTOHHo 6wcTpoe noHHaceHHe 
njiOTHOCTH CBo6o,ziiHbix 3JieKTpoHOB ajia Toro, hto6h caejiaTb 
aicr BTopH4Horo pacceaHHa (h, cjie^oBaTejibHO, noHHaceHHa 
ypoBHa nojiapH3aunw) npeHe6pe^cHMO MajibiM. 

CjieaoBaTejibHO, nojiapH3aijHa pejiHKTOBoro H3JiyneHHa bo3hh- 
KaeT npw peKOM6HHauHH, t. e. b 3noxy, cooTBeTCTByiomyio KpacHOMy 
cMemeHHio z ~ 1 000. B tom cjiynae, ecjiH bo BcejieHHoft 6hji bto- 
pHHHbiH pa3orpeB BemecTBa b 6o;iee no3£HHe 3noxn, HanpHMep, H3- 
3a pacna^a KaKnx-jiH6o flOJiroxHBymHX, ho HecTa6HjibHbix qacTHU, 



nOAflpM3amHfl pCAMKTOBOfO M3AyH6HM51 
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Pmc, 12.8, Ha pncyHK6 M3o6pa>KeHO o6pa30BaHne noAapM30BaHHOM SAeiapoMarHMT- 

HOM BOAHbl npM paCCeflHMM H6nOA5ipM30BaHHOM BOAHbl Ha 3A6KTpOH6. HenOA5ipM30- 
BaHHafl BOAHa ABMXCTCSl BAOAb OCM Ox, OHa COAep>KMT o6e COCTaBAfllOLUMX nOAfl Ey 

m E Zl HanpaBAeHHbie BAOAb OAHOMMeHHbix ocen. 0a3a mokay abymji cocia baa kdium - 
mm — CTOxacTMHecKaa BeAMHkiHa, hto 03HanaeT OTcyrcTBMe noAflpn3aunn BOAHbl. BaxHO 

3aM6TMTb, HTO MrHOBeHHbie BCKTOpbl 3A€KTpMH€CKOrO M MarHMTHOrO nOAekl ABAfllOTCfl 
nepneHAMKyAJipHbIMM OCM Ox M, CACAOBaTCAbHO, KOAC6AIOTC51 TOAbKO B nAOCKOCTM 

Oyz. Ha nAOCKOCTM Oyz, i.e. npM x = 0, noMemeH sacktpoh e. Oh HaHMHaeT abm- 
raTbCfl noA bo3A£mctbmcm 3AeKTpnHecKoro m MaoiMTHoro noAei/i. OAHaKO ero abhxchmc 

□POMCXOAMT B nAOCKOCTM 0?/Z. ABM>KyLMMMCfl 3Ae«TpOH M3AyHa6T 3A6KTpOMarHMTHbl6 
BOAHbl, KOTOpbie y>Ke ABAfllOTCfl paCCCSIHHbIMM BOAH3MM. BOAHbl, paCnpOCTpaHfllOIHMeCfl 
BAOAb OCM Oy, ABAfllOTCfl 100% nOAfl pM30Ba HHbIMM , nOCKOAbKy KOMnOHCHTa 3A6KTPM- 

necKoro BeKTopa BAOAb ocm Ox paBHa HyAio, hto bmaho M3 pMcyHKa. npM naA^HMM 

Ha 3A6KTpOH nOAHOCTbK) H6(10A5ipM30BaHHOrO M3AYH6HM51, paCCeflHHbie B HanpaBACHMM 

ocm Oy BOAHbl BcerAa 6yAyr MMeTb BbiAeAeHHyio noA5ipM3ai4Mio 

noji5ipH3auMH Morjia reHepHpoBaTbCH m no3xe. MaKCMMajibHoro 3Ha- 
neHHH ypoBeHb noji5ipH3auHH ^ocTMraeT Ha yrjiOBbix MaciiiTa6ax npn- 
MepHO 2° . 3tot pa3Mep cooTBeTCTByeT ropM30HTy nacrau b momcht 
peKOM6HHauHH. AMnjiHTy^a noji5ipH3aLi 1 HH Mana. CpeflHeKBaflpaTHH- 
Hoe 3HaneHHe jihhchhoh nojrapioauHH cocTaBJineT npMMepHo 1 /xK. 
OAHaKO, pacnpe^ejieHHe nojrapH30BaHHoro POJiyneHMH no He6y c Ma- 
TeMaTMHecKOH Tom km 3peHHH npeflCTaBjiaeT M3 ce6n anyHaMHbiii npo- 
uecc. B TaKOM npouecce Moiyr 6biTb «Bbi6pocbi» — Ha6jnoflaTejib 
6yaeT BocnpHHMMaTb hx KaK nnTHa noBbiiueHHoft h noHH)KeHHOH 
TeMnepaTypw h ypoBHH nojiflpH3aijHH. B sthx nHTHax MaKCHMajib- 
Hoe 3HaneHHe ypoBHH nojiHpH3auMH MoaceT #oc™raTb 3 fiK, hto 
Mo^ceT 6biTb H3MepeH0 b 6jiHxaMineM 6yaymeM. M3MepeHHe nojin- 

pH3aUHH B nHTHaX XOpOllIO TeM, HTO MeCTO pacnOJ10>KeHMH IlflTeH 
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H3BCCTHO — Ha6jiio,uaTejiH Moiyr y3HaTb ero m n3MepeHMH aHH30- 
TponHH, a b aajibHeftiueM TmaTejibHo HCKaTb nojiflpH3auHio hmchho 

B 3TOM MeCTC 

nOCKOJIbKy nOJIHpH3aiJiHK) peJIHKTOBOrO H3JiyHeHHH BbI3bIBaeT 

ero aHH30TponwH, to (|)H3HHecKne npMHHHbi o6pa30BaHHH nojin- 
pn3au,HM Te xe, hto h npH o6pa30BaHHM aHH30TponnH . ITpaB^a, 
K03(J)(i)HUHeHTbi, onpeaejiHKDmwe 3aBMCHM0CTb «aMnjiHTyaa rapMO- 
hhkh — yrjiOBoft MacuiTa6», pa3JiH4aioTca. 3to aaeT BaacHoe cjie#- 
CTBwe — no3BOJiaeT pa3JiH<iaTb nepBHHHbie B03MymeHHH iuiothocth 
ot nepBH4Hbix rpaBHTaawoHHbix BOJIH. 

M3MepexHe bkasacI rpaBMTaijMOHHbix boah 

Be3 coMHeHna, BepxHHH npe^eji, a MO^ceT 6bm> h o6Hapy»ce- 
Hue rpaBHTauHOHHbix bojih, moxho 6y#eT caejiaTb b 6jiHacaHiiieM 
6y^ymeM. fljin 3Toro Heo6xoflHMO TmaTejibHo n3MepnTb cneicrp aHH- 
30TponHH ot rapMOHHKH c I = 2 jxo nepBoro h nocjieayiomnx 
flonnjiepoBCKHX iihkob BKjnoqHTejibHO. O^HaKO, Heo6xo^HMO OTMe- 
THTb, 4TO aMnjiHTy^a h nojioaceHHe nepBoro ^onnjiepoBCKoro nnica 
3aBncHT ot ocHOBHbix KocMOJionmecKHX napaMeTpoB. Heonpeae- 
jieHHOcra b BejiHHHHax 3thx napaMeTpoB co3flaioT ^onojiHHTejibHbie 
Tpy^HOCTH o6Hapy>KeHHa rpaBHTauHOHHbix bojih. 

0#H03Ha4HbiM cnoco6oM o6Hapy»ceHHH rpaBHTauHOHHbix BOJIH 
ocTaeTca, 6e3 comhchhh, H3MepeHHe nojiapH3auHH pejiHKTOBoro 

H3JiyHeHHH. Il03T0My HeoGxOflHMO yBeJIHHHBaTb 4yBCTBHTeJIbHOCTb 

pa^HOMeTpoB H npHeMHbix CHCTeM. 

B HacToamee BpeMH HecKOJibKO HccjieaoBaTejibCKHx rpynn ro- 
tobht 3KcnepHMeHTbi no noHCKy nojiapH3auHH pejiHKTOBoro H3Jiyne- 
hhh. Oahoh H3 rpynn pyKOBO^HT npo(J>eccop flac. Chpohh H3 MnjiaH- 
CKoro yHHBepcHTeTa. Ha momcht HanncaHHa khhhi yace aocrarHyra 
qyBCTBHTejibHOCTb pa^HOMeTpoB, Heo6xoflHMaa fljra Toro, 4T06bI 06- 
Hapy>KHTb nojmpH3auHK). IlpaBfla, Heo6xo#HMo npoBec™ BTopoft 
3KcnepHMeHT. Cboh nepBbift 3KcnepHMeHT no noncicy nojrapH3auHH 
pejiHKTOBoro H3JiyneHHH npocj). Chpohh npoBo^Hji Ha IO^chom 
nojnoce. TaM noro^Hbie ycjiOBHH 3hmoh noxoacn Ha ycjioBHH b kocmo- 
ce, KpoMe Toro, 3KcnepHMeHT cymecTBeHHbiM o6pa30M ncnojib30Baji 
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BpameHHe 3cmjim. B nepBOM 3KcnepHMeHTe nojiflpH3aijHH He 6bijia 
o6Hap>QKeHa; hto xe, no/ioxmeM... 

3<p<peKT ClOHHCBd— 3CAbAOBHNia 

AHM30Tp0nHH peJIMKTOBOrO M3JiyHeHHfl MOXeT B03HHKaTb He 

TOjibKO Ha (J)jiyKTyauMHx rpaBHTauHOHHoro nojia h He TOJibKO Ha no- 
BepXHOCTH nocjie^Hero pacceaHHH. 3aecb 6yaeT paccKa3aHo 06 3<$- 
4>eKTe, npe,acKa3aHHOM cobctckhmh yneHbiMH P. A. CioHaeBbiM h 
H. B. 3ejib^OBH4eM, KOTopbift cennac nojiynmi o6mee npM3HaHHe KaK 
SZ-3(J)(J)eKT. Ero oTKpbiTMe 6mjio nepBbiM h a6ji io,ne h we m aHH30Tpo- 
iihh pejiHKTOBoro H3JiyHeHHH, xoTfl h o6pa3yK)mefica «b6jih3h» Hac 
(no KocMOJiorwHecKHM MepKaM). 

IlpocTpaHCTBO Mex^y noBepxHOdbio nocjie^Hero paccenHHH 
h HaMH He nydoe. B HeM BCTpenaiOTCfl ciconjieHHH rajiaKTHK, a b hhx 
Haxo^HTCH ropHHHH ra3. 3tot ra3 o6mhho HarpeT ,ao TeMnepaTypbi 
10 K3B. PejiHKTOBbie (})OTOHbi, npoxo^H 4epe3 cKonjieHHe rajiaKTHK, 
MoryT pacceHTbCH Ha ropa4HX sjieicrpoHax. PacceaHHe H3MeHneT 
3HepraK) (})otohob, 4to 3KBMBajieHTHO H3MeHeHHK) TeMnepaTypbi 
(J)OHa. 

PaccMOTpHM no,apo6Hee 3tot 34>4)eKT. npexae Bcero 3#ecb arce- 
jxyer CKa3aTb, hto nponcxo#HT tomcohobckoc pacceaHHe 4>otohob 
Ha 3JieKTpoHax. 3to pacceHHHe xapaicrepH3yeTCH ceneHHeivi pacce- 
hhhh He 3aBHcnmHM ot HacTOTbi (J)OTOHa, b oTjiHHHe ot nepepac- 
ceHBaHHH (J)OTOHa Ha aTOMe, Hanpniviep, Bo^opo^a. ripn pacceHHHH 
(})OTOHa MeHHeTca He tojibko HanpaBjieHHe ero flBHxeHna, ho h na- 
CTOTa. CeneHHe pacceaHHH &t no3BOJiaeT BbmHCJiHTb BepoaTHOCTb 

B3aHMOJieHCTBHH (b ^aHHOM CJiyHae peJIMKTOBOrO $OTOHa C 3JieKTpO- 

hom). B acTpoHOMHH 3Ta BejiHHHHa Ha3biBaeTCH onTunecKOH TOJimefi: 

t = <r T n e l. (12.1) 

Haaeicc T o3HanaeT, hto 3to tomcohobckoc ceneHwe pacceaHHH, 
Ha3BaHHoe TaK b necrb BejiHKoro aHrjiHHCKoro (J)H3HKa J\x. J\x. Tom- 
coHa, KOTopwii otkpwji 3jieKTpoH. BepoHTHocTb HBjineTCH npon3Be- 
AeHHeM ceneHHH pacceHHHa, rjiothocth 3jieKTpoHOB n e h pa3Mepa 
o6jiaKa 3jieKTpoHOB I. fljia peajibHbix cHTyaunft Ha6jnoaeHHH pe- 

JIHKTOBblX 4>OTOHOB, npOIIiefllUHX CKB03b ropHHHH Ta3 B CKOnjieHHHX 
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ranaKTHK, BejinqnHa onraHecKon tojiiuh 3Ha4MTejibHO MeHbiue ean- 
Hwubi r«l. TaK hjo cneicrp MeHfleTCfl He3HaqnTejibHO, H3MeHeHMH 
TeMnepaTypbi pejiMKTOBbix (J)otohob cocraBjiHioT HecKOjibKo mmjijim- 

KejlbBMH. . 

M3MeHeHHe TeMnepaTypbi pejiHKTOBoro n3jiyneHHH nponcxo^nT 
npn AByx ycjiOBnax. FlepBoe — cymecTBOBaHHe ropannx sjieicrpoHOB 
c TeMnepaTypoft, cmibHO oTjinqatomenca ot TeMnepaTypbi pejinicro- 
Boro M3JiyMeHH5i, BTopoe — yneT H3MeHeHHH nacTOTbi npw pacceaHnn. 

IlpeHe6pexeHne H3MeHeHneM na- 
CTOTbi npMBe^eT k ncqe3HOBeHnio 3cJ)- 
4>eKTa (pnc. 12.9). B cjiynae ynpyroro 
paccesHMH, Korna mo>kho npeHe6penb 
M3MeHeHweM nacTOTbi, (J)otoh 1, pac- 
ceHHHbiw b HanpaBjieHMM l', He jxo- 
CTHraeT h a6;no,aaTe jih, ho k Ha6jnofla- 
Tejno npnxo^MT 4>otoh 2', pacceaHHbin 
c HanpaBjieHna 2, kotopmh «3aMeHnji» 

nOTepHHHblH (J)OTOH 1. B paBHOBec- 

hom cjiynae 3Ta KOMneHcaunn hbjih- 

eTCH TOMHOH fla>Ke YipYi MHOrOKpaTHOM 

pacceHHnn. 

Hpn paccenHHH Ha ropannx 3;ieK- 

TpOHaX (J)OTOHbI yBeJIMHMBa K)T CBOK) 

HacroTy nponopunoHajibHo TeMnepa- 
V/ r Type 3jieKTpoHOB. MeM 6ojibiue TeM- 

/\^ nepaTypa 3/ieKTpoHHoro ra3a, TeM 3a- 

^— ^ MeTHee 3<Jx|)eKT. FIocmotphm, KaK 3to 

Pmc. 12.9. 06/saKO ropaMMx 3Ae- cKa3biBaeTCH Ha cneicrpe pejiHKTOBoro 
ktpohob nepepaccenBaeT peAMK- H3JiyMeHMH. Ootoh 1 pacnpocTpaHaeT- 

TOBbie (bOTOHbl, He M3MeH515l MX «/ 

MMCAa, ho M3M6H5i5i cneKip c « Tene P b B H0B0M nanpaBJieHHH 1 

h He nonaaaeT k Ha6jno,aaTe.nio. Oo- 
toh 2, KOTopbin nocjie pacceaHna craji 6o.nee 3HeprnnHbiM n koto- 
pbiM 6e3 pacceaHMfl He nonan 6bi k Ha6jnoflaTejiK), noone pacceHHnn 
nonaaaeT k HeMy. Ootoh 1 c MeHbLuen 3Heprnen «H3biMaeTca» 
H3 cneicrpa pejinKTOBbix (|)otohob, (})otoh 2, c 3Heprnen, no6aB;ieH- 
hoh b pe3yjibTaTe nepepaccenBaHHH, «BnpbiCKHBaeTca» b cneKTp. 
3to npnBO^HT k TOMy, 4to b psjien-iPKHHCOBCKon nacTH cneKTpa 
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KOJiH^ecTBo <J)otohob yMeHbiuaeTca, a b bmhobckoh qacTH cneKTpa — 
yBejiMHMBaeTCH. Bhvtph o6;iaKa ropaqeii iuia3Mbi cneKTp pejiHKTOBbix 
<J)OTOHOB TpaHC(f)opMMpyeTca. 

HpKOCTHaa TeMnepaTypa pejiMKTOBoro H3JiyHeHH5i, Ha6jnoaae- 

MOrO CKB03b o6jiaKO rOpHHMX 3JieKTp0H0B, B p3Jieii-£)KHHCOBCKOH 

nacTH cneKTpa (aJiHHa boji- 
Hbi A > 1 mm) yMeHbiuaeTCH 
(cm. pHC. 12.10). 

Ha6jiioaeHMH, npoBe- 
aeHHbie b cy6MMJUiHMeTpo- 

BOH o6jiaCTH flJIHH BOJIH 

(BHHOBCKaH o6jiacTb cneK- 
Tpa), noKaacyr noBbimeHHe 
TeMnepaTypw pejinicroBbix 
4)otohob b HanpaBjieHne Ha 
to xe CKonjieHne. 

M3 3thx jxsyx pncyH- 
kob ^HTaTejib Mo>KeT oo,e- 
jiaTb BbiBO,a, hto npn Ha- 
6jnoaeHH5ix Ha KaKon-To 

OTHHe BOJIHbl 34>(J)eKT CTaHCT HyjieBblM. ^eftCTBHTejIbHO, B OTJIH- 

qne ot 3(J)(|)eKTOB CaKca— Bojib(j)a, CnjiKa h flonnjiepa, 3(jx})eKT 
CioHHeBa— 3ejib^OBMHa HBjraeTca 4acTOTHo-3aBncnMbiM. rioTOK pe- 
jiHKTOBoro H3Jiy4eHHH KaK (J)yHKUM5i HacTOTbi, Ha KOTopon BeayrcH 
Ha6jno,aeHHa, npe^CTaBJieH Ha pnc. 12.11. 

SZ-3(J)(|)eKT 6bIJl OTKpbIT nepBbIM Cpe^H 3(})(})eKTOB, KOTOpbie co- 

3^aiOT aHH30TponMio pejiMKTOBoro H3JiyHeHHH. Cennac 3tot 3(J)4>eKT 
Ha6^K)^aeTC5i Ha MHornx CKonjieHnnx rajiaKTHK, c ero noMombio koc- 
MOJiorn H3MepHK)T napaMeTp Xa66jia (npHBjieKan aaHHbie peHTreHOB- 
ckhx Ha6jnofleHHH Tex ace caMbix CKonjieHnn rajiaKTHK), napaMeTp 
njioTHOCTH n npoBepaioT Mo^ejin erpoeHHH CKonjieHnn rajiaKTHK. 

nepCneKTHBbl HCC AC AO BS HUM 3HH30TpOflHH 

B coo6mecTBe KOCMOJioroB cymecTByeT MHeHne, mo wccjieflOBa- 
hhh aHH30Tponnn Moiyr npwHec™ ueHHyio HH^opMamno. rio3TOMy 
roTOBHTca HOBbie npoeKTbi no wccjicaoBaHMK) aHH30Tponnn. 



Ir 

2,7 K 




YrjioBaa Koop,aMHaTa 



Pmc 12,10, M3MeHeHne apkocthom TeMnepa- 
Typw peAMKTOBoro M3AyHeHMfl b HanpaBAeHkin 
Ha CKonAeHMe raAaKTMK npn Ha6AiOAeHMM Ha caH- 

TMMeTpOBblX H MMAAMMeTpOBblX BOAH3X 
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Pmc. 12.1 1, M3MeHeHne noTOKa pcAwcroBoro MaAyneHMfl b HanpaBA6HMM Ha cKoriAeHHe 
raAaKTMK npn Ha6AiOAeHW4 Ha pa3Hbix MUHax boah. no BepTMKaAbHOM ocm OTAOxeHo 
3HaneHne apkocthom TeMnepaiypbi, no ropn30HTaAbHOki ocm — o6paTHaa AAHHa boahw, 

Ha KOTOpOM BeAVTCfl Ha6AKDAeHHfl 

B HACA cymecTByeT npoeicr MAP (Microwave Anisotropy 
Probe). 3to kocmmhcckhh npoeicr, npe^Ha3Ha4eHHbiH fljra HCCJie- 
AOBaHHH aHH30TponnH pejinicroBoro H3JiyneHHH. Ha momcht, Kor^a 
KHHra roTOBHJiacb k neqara, HACA 3anycrajio MAP. PyKOBO£HTejieM 
npoeicra flBJiaeTCH HopMaH flpocnic. 

06i>eflHHeHHafl EBpona no^roTOBMjia cboh kocmh^cckhh npo- 
eicr. CeftHac oh Ha3biBaeTca «nJIAHK» b qecrb 3HaMeHMToro 4>H3Hica, 
OTKpbiBLiiero KBaHTOByio MexaHHKy. Y npoeKTa aojiraa hctophh. BHa- 
qajie cymecTBOBajiw jisa He3aBHCHMbix HayHHbix npczyioaceHHfl. O^hh 
Ha3biBajica COBRAS, BTopoii — SAMBA. nepBbift 6mji npe/yioaceH 

3HaMeHHTbIM HTaJIbflHCKHM KOCMOJIOrOM M pa^HOaCTpOHOMOM PeHO 

MaHaojie3H. Oh npe,aHa3Ha4ajica zma nccjieaoBaHHH aHH30TponnH 

pejIHKTOBOrO H3JiyHeHHH B HeCKOJIbKHX OTana30HaX pa^HOBOJIH. H3- 

3a 3KOHOMHH HayHHbiH komhtct ECA (eBponenciaiH aHajior HACA) 
npezuioacHJi HCCJieflOBaTejiHM o6T>e,itfiHHTb o6a npoeicra Ha o^hoh no- 
jieTHOH njiaT(J)opMe. ^Be rpynnbi corjiacmincb, BbipaGoTann e^HHoe 
npeajioxeHHe, h npoeicr nojiynmi Ha3BaHHe COBRAS/SAMBA. 
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IlpoeKT He pa3 nepecMaipHBajiCH, Ka^bift pa3 ECA co6n- 
pajio npeflCTaBHTeJibHbie HaynHbie KOH(J)epeHUHH (HecKOJibKo pa3 
b aocTaTO^HO 3K30THHecKHx Mecrax, HanpnMep, Ha ropHOM KypopTe 
b Ajibnax, b aepeByuiKe c Ha3BaHHeM JIe3 Apic), Ha 3th KOH(J)epeHunn 
npMrjiaiuajiHCb Be^ymne KocMOJiorn H3 Bcex CTpaH. CneunajincTbi 
BbidynajiH c aoKJia^aMH no hx pa6oTaM, ho o^HOBpeMeHHO Bejiocb 
o6cyacneHHe 6ynymnx npoeKTOB. OGcyagjeHne Bejiocb b 4>opMajib- 

HOH 06CTaH0BKe, BO BpeMH flOKJia^OB, b He4)opMajibHOH 06CTaH0BKe, 

b Kyjiyapax, bo BpeMH o6eaoB, Ha nporyjncax. Ot TaKoro o6cy>KfleHn$i 
npoeicr TOJibKo BbiHrpan. B Hanajie 1997 r. npoeKT6biji nepeHMeHOBaH 
h Ha3BaH «I1JIAHK» (cm. puc. 12.12). B tom ace ro^y 4>HHaHcnpo- 
BaHne Hccjie^oBaHHH, CB»3aHHbix c hum, pe3Ko B03pocjio. AnnapaT 
6hji nodaBJieH b OHepe^b Ha 3anycK b 2004 ro,ay. Ceiiqac oh hbjih- 
eTca oahhm H3 caMbix MHoroo6emaiomHX KOCMimecKnx npoeKTOB, 
xoth pacnncaHHe 3anycKa cymecTBeHHo caBHHyjiocb. 

KpaTKO nepeHHCJiHM bo3mo)khocth, KOTopwe npe^ocTaBjiaeT 
KocMOJioran 3anycK annapaia «11JIAHK». CnyranK 6y^eT HecTH 
Ha ce6e ^Ba Ha6opa pa£non3MepHTejibHbix npn6opoB. Oakh Ha6op 
6y^eT codaBJieH H3 4 pa^noMeTpoB n npe^Ha3Ha4eH o63opa He6a 
Ha HacTOTax ot 30 ITu; ro 100 ITu, 3to TaK Ha3biBaeMbift «HHCTpyMeHT 

HH3KHX 4aCT0T»; BTOpOH Ha6op 6yaeT COCTOHTb H3 6 60JI0MeTp0B, 

oh Ha3biBaeTCH «HHdpyMeHT bhcokhx 4acT0T» n npeflHa3Ha4eH JUIH 
nocTpoeHHH KapTbi He6a Ha nacTOTax ot 100 ITu ro 857 ITu. Eo- 

JIOMeTpbl B OTJIHMHe OT pa^HOMCTpOB HBJIHIOTCH UIHpOKOnOJIOCHblMM 

npw6opaMH. HyBCTBHTejibHOCTb no H3MepeHMio TeMnepaTypw Kaxj\o- 
ro npn6opa 6yaeT cocTaBJiHTb HecKOJibKo MnicpoKejibBHH. YrjioBoe 
pa3peuieHne npn6opoB 6yzjeT cocTaBJiHTb aecaTOK yrjiOBbix MHHyr 
(cpaBHHTe c yrjiOBbiM pa3pemeHneM «PejiHKTa» n «COBE» ~ 6°). 

«nJIAHK» 6yzjeT cnoco6eH tohho H3MepnTb cneKTp cj)jiyKTya- 
unii pejiHKTOBoro H3jiyHeHHa. ToHHocTb Kaacaon rapMOHHKH 6yaeT 
orpaHHHeHa jiHUib ecTecTBeHHbiMH HeonpeflejieHHocraMM, CBH3aH- 
HbiMH c TeM, 4to BcejieHHaa npe^ocTaBjieHa HaM zma Ha6jnofleHHH 
TOJibKO b o^hom 3K3eMnjrape m cjiynaHHoe nojie Bapnaunn njiOTHOcra 

H ipaBHTaUHOHHblX BOJIH TO>Ke TOJibKO 0£HO. TaKaH TOHHOCTb M3Me- 

peHHH yrjioBoro cneicrpa aHM30Tponnn no3BOJinT M3MepnTb napaMeTp 
Xa66jia, HanpuMep, c TOHHOCTbio ~ ±5 KM/c/Mnic, napaMeTp njioT- 

HOCTM £2 C TOHHOCTbK) HeCKOJIbKO npOLjeHTOB, CneKTpaJIbHblH MH^eKC 
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fAaBa 1 2. PeAwaoBoe M3AyMeHne 




Pmc. 12.12. KocMMHecKMM annapaT, npeAHa3HanaeMbiM aah MCCACAOBaHMJi aHM30Tpo- 
riMM peAWCTOBoro M3AyHCHM5i m Ha3BaHHbiM «I1AAHK» b necTb 3HaM6HMToro HeMeuKoro 
yHCHoro 
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6yjlQj onpcaejieH c TOHHOCTbio jiynuie, HeM o^hh npoueHT! Moxho 
6yaeT, hbkohcu, tohho H3MepMTb nojiHoe kojihhcctbo 6apwoHOB 
bo BceneHHOH h onpcaejiHTb, ecTb jih bo BcejieHHOH flocTaTo^mo 

HHTeHCHBHblH 4>OH rpaBHTaiJHOHHblX BOJIH. 

Ceftnac ECA TmaiejibHo noaroTaBjiHBaioT cnyrHHK k BbinojiHe- 
hhk) mhcchh, 3anycK Ha3HaneH Ha 2007 r. KojiHnecTBO HH(J)opMa- 
UHH, KOTOpoe 6yaeT nojiyneHO b xo^e npOBeaeHHH 3KcnepHMeHTa, 
cocTaBjineT noHCTHHe acTpoHOMHHecicoe hhcjio — ~ 10 18 6ht. 

ToHKa, OTKpbiTan nepBbiMH Ha6jnoaeHHHMH aHH30TponHH pe- 
jiHKTOBoro H3JiyHeHM5i, Ha6MpaeT TeMn. Bo3mo>kho, cpcan HmaTe- 
jieft HafttfyTCH MOJio^we jiio^m, KOTopwe 3axoraT ynacTBOBaTb b Heft. 
BpeMH juin Toro, hto6h npncoe^KHMTbca k ynacTHio b sthx Hccjie- 
^OBaHMHx, eme ecTb. 



TAaea 1 3 

KpynHOMacuira6Han CTpyKTypa Bccachhom 



PacnpeAexeHHe raxaKTMK b KpynHbix MacuiTa6ax 

Hama BcejieHHaa o^Hopo^Ha b cpe^HeM, b 6ojibiiiHx Macurra- 
6ax, npeBbiiuaiomMx 200 MnK. IIo Mepe yMeHbiueHHH MacuiTa6oB 
Ha4MHaeT npoaBjiHTbca apico BbipaxeHHaa CTpyKTypa. BHa^ajie no- 
HBJiaioTca CBepxcKonjieHHH rajiaKTHK c MacurraGoM L ~ 100 MnK, 
o6pa3yiomMe OTHocHTejibHO tohkhc ctchkh hjih, KaK name mx Ha- 
3biBaK)T, «6jiMHbi» c nonepeHHbiM pa3MepoM L ~ 10-20 MnK. flajiee 
Ha4HHaioT BbipwcoBbiBaTbCfl CKonjieHHH ranaKTHK L ~ 10 MnK, 
a TaKxe caMH rajiaKTHKH. Pa3Mepw rajiaKTHK jieacaT b 6ojibuinx npe- 
aejiax, caMbie MajieHbKHe (KapjiMKOBbie) rajiaKTHKH HMeK)T pa3Mep 

MeHbiue 10 KnK, a Maccy nopamca 10 8 M©. Pa3Mepw caMbix Kpyn- 
Hbix rajiaKTHK flocraraioT cotch KMJionapceK, a hx Maccbi flocTHraior 
3Ha4eHMH BnjioTb jxo 1O 13 M 0 . BHyrpM rajiaKTHK MaTepna Toxe pac- 
npe^ejieHa b BH^e apKo BbipaaceHHOH CTpyicrypbi: rajiaKnmecKHe 
pyKaBa b cnnpajibHbix rajiaKTHKax, mapoBbie 3Be3,zjHbie cKonjieHHH 
L ~ 1 nK, oraejibHbie 3Be3,ubi h, HaKOHeu, njiaHeTbi. 

B 3aaa^y KOCMOJiorHH bxqzjht jinuib onncaHHe KpynHOMac- 
uiTa6HOH CTpyKrypw BcejieHHoft, t. e. o6i>eKTOB c pa3MepaMH 10 
MnK h 6ojibine. K hhm npHHaflJie>KaT CKonjieHHa h CBepxcKonjieHHH 
rajiaKTHK. 

KaK nojiaraiOT, 3Ta HepapxHnecKaa CTpyKTypa BcejieHHon bo3- 
HHKJia b pe3yjibTaTe o6ycjioBjieHHoro rpaBHTauHOHHOH HeycTOHHHBo- 
CTbio pocTa nepBOHanajibHo Majibix B03MymeHHH njioTHOCTH. Bonpoc 
o npoHcxo^aeHHH sthx Majibix B03MymeHHH paccMOTpeH HaMH pa- 
Hee b apyrax rjiaBax. 3aecb HanoMHHM TOJibKO, hto ohh o6»3aHbi 
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cbohm npoHcxox^eHHeM (J)H3H4ecKMM npoueccaM Ha paHHen (hh- 

(JxJIHIJHOHHOh) CTa^HH 3BOJIIOUHH BceJieHHOM. 1103TOMy MX BeJIH4HHa 

h xapaKTepHbie pa3Mepw onpe^ejiaiOTCH 4)yHflaMeHTajibHbiMH xapaK- 

TepMCTMKaMM (f)H3HKH MHKpOMHpa. 



HanaAbHasi craAHsi pocTa B03MymeHHH fiaothoctm 

HanojiHHiomaa paHHioio BcejieHHyio BbicoKOTeMnepaTypHaa 
njia3Ma coctomt H3 3JieicrpoHOB, npoTOHOB, He6ojibiuoH npMMecM 
HewTpoHOB, (J)otohob, m, KaK BbiHCHeHO b nocjie^HHe TOflbl, H3 CKpbl- 
TOrO BemeCTBa. OH3H4eCKHH COCTaB CKpblTOM Maccbi BcejieHHoft 

noKa Hew3BecTeH, xoth HanGojiee BepoHTHbiM KaH^tmaTO m Ha pojib 
cKpbiToft Maccbi HBjiHeTCH TaK Ha3biBaeiviaH xojio^HaH cKpbiTan Macca, 
cocToamaa, HanpHMep, H3 aKCHOHOB (rMnoTera4ecKnx 3JieMeHTap- 
hmx qacTHU, KOTopwe npe^cKa3aHbi (J)H3HKaMn-Teope™KaMn; ohh 

HBJIHFOTCH Heo6xOflHMbIM 3JieMeHT0M npM 06l>5ICHeHHH COXpaHCHHH 

46THOCTH b H&epHbix B3aHMO#eHCTBHHX, ho flo chx nop He o6Hapy- 
>KeHbi b 3KcnepnMeHTe) mjim HeHTpajiHHO — cynepnapTHepe HewTpH- 

HO. EdeCTBeHHO, 4T0 3BOJHOLJHH B03MyiIjeHHH B MHOrOKOMnOHeHT- 

hoh njia3Me onucbiBaeTCH cjiokhoh CHdeMofi flH(jx|)epeHUHajibHbix 
(a TOHHee, h nHTerpo-zui(j)(J)epeHunajibHbix) ypaBHeHHH. He HMea 
bo3MO)khocth noflpo6HO paccMOTpeTb 3Ty npo6jieMy, orpaHH4HMC5i 
onMcaHHeM caMbix cymecTBeHHbix MOMeHTOB coBpeMeHHbix npea- 
CTaBjieHHH o pocTe B03MymeHntt njiOTHOcra b Hauiew BcejieHHoft. 

Henocpe^CTBeHHO nocjie cranHM hhc^jihuhh BemecTBo bo Bce- 
jieHHoft npe^cTaBjiHjio H3 ce6n BbicoKOTeMnepaTypHyio njia3My c pa- 
AnauHOHHO-^OMHHHpoBaHHbiM ypaBHeHHeM coctohhhh. Bo3Myme- 
hmh ruiOTHOCTH, zyiHHa KOTopwx 6wjia 6ojibiue pa3MepoB ropn30HTa, 
hbjihiotch «BMopoxeHHbiMH», hx pod He conpoBoamaeTCH 3Ha- 

HHTejlbHblM yCHJieHHeM KOHTpaCTa njIOTHOCTH. OflHaKO TOpH30HT 

HacTHu bo BcejieHHOH pacTeT 6bicTpee, 4eM pacTeT (J)H3H4ecKaa 

flJlHHa BOJIHbl B03MymeHHH njIOTHOCTH. Il03T0My B HeKOTOpblH MO- 

MeHT jno6aH Bojma daHOBHTCH paBHOH pa3Mepy IX)pH30HTa 4aCTHIJ. 
KaK roBopaT, Bojma «bmxo^mt» H3-no^ ropw30HTa. Ha4HHaa c 3to- 
ro MOMeHTa, Bojma B03MymeHHH njioTHOcra npeziCTaBjraeT H3 ce6a 
3ByKOByio BOJiHy Ha pacuiHpaiomeMca (J)OHe. B MHoroKOMnoHeHT- 

HOH peJIRTHBHCTCKOH IlJia3Me JieHCTByeT MHOrO BbICOK034>4)eKTHBHbIX 
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MexaHM3M0B, no^aBjiaiomHx BOJiHOBbie ^bidkchmh. CaMbitt 3(J)(J)eK- 
THBHbiH MexaHH3M b KOCMOJiorHM — 3to 3aTyxaHHe CHJIKa. 

^eHCTBHe 3TOrO MexaHH3Ma npHBO^HT K TOMy, 4T0 3ByKOBbie 

B03MymeHna 3aTyxaioT. TaK npoflOJDKaeTca jio Tex nop, noica own 

H3 KOMnOHeHTOB njia3MbI He CTaHOBHTCH «XOJIOflHbIM». K 3TOMy 
MOMeHTy CKOpOCTM HaCTMU, CTaHOBHTCH HepeJIflTHBHCTCKHMH, Me- 

xaHH3Mbi 3aTyxaHHH npaKTHnecKH nepecTaioT aeftcTBOBaTb h Toma 

Ha^HHaeTCH POCT nepBHHHblX B03MymeHHH nJIOTHOCTH, BbI3BaHHbIH 

rpaBHTauHOHHOH HecTa6HjibH0CTbK) b BemecTBe. 

BcejieHHaa 3anojiHeHa, b ochobhom, HeBH^HMOH tcmhoh Ma- 
TepneH. 3Ta MaTepna CTaHOBHTCH HepejiaraBHCTCKOH 3Ha4HTejibH0 
paHbme, 4eM nponcxo^HT peKOMGHHauna BOflopo^a, 3Ha4HTejibH0 
paHbine, hqm Ha^HHaeTca pocT B03MymeHMH njioTHOc™ b SapnoH- 
hom KOMnoHeHTe BemecTBa. 

CHHTaeTca, 4to TaKOH MOMeHT Haxo^HTCH b npoMeacynce Kpac- 
hhx CMemeHHH z = 10 -10 . Bo3MymeHwa b HeBH^HMOM KOMno- 
HeHTe BemecTBa Ha^HHaioT pacra c z = 10 5 . B oGmhhom BemecTBe, 
cocTonmeM H3 npoTOHOB h 3jieicrpoHOB, npo^ojDKaeT ztettcTBOBaTb 
MexaHH3M 3aTyxaHHH B03MymeHntt, no3TOMy ohh He pacTyr. Bo3My- 
meHHH b o6m4hom BemecTBe HanHHaiOT pacra nocjie peKOM6nHaunn: 
t. e. nocjie z = 1 000. K 3TOMy MOMeHTy B03MymeH Ha b HeBH^H- 
mom BemecTBe ycnejin Bbipacra b ~ 100 pa3 h o6bi4Hoe BemecTBO 
«na£aeT» b yace cymecTByiomne noTeHuwajibHbie «aMbi». Poct bo3- 
MymeHHtt b o6m4hom BemecTBe 6bicTpo ^oroHHeT pocT B03MymeHHH 
b HeBM^HMOM h ,aajiee ohm pacTyr c OAHHaKOBbiM TeMnoM. 

TeopMH 3BOJHOIJHH B03MymeHHH nJIOTHOCTH 6bma co3,aaHa 
^XHHCOM, a peJIHTHBHCTCKaH TeopHH pa3BHTHa B03MymeHHH B He- 

CTauHOHapHOM MHpe pacuiHpaiomeHca BcejieHHoft 6biJia pa3BHTa 
coBeTCKHM yneHbiM E. M. JIn(J)uiHueM b 1946 r. KanecTBeHHbie pe- 

3yjIbTaTbI 3T0M TeOpHH, OflHaKO, M02CH0 nOHHTb B paMKaX HblOTOHO- 

boh rpaBHTauHH Ha pacuiHpaiomeMca (J)OHe. 

OH3H4eCK0H npHHHHOH pOCTa B03MymeHHH nJIOTHOCTH HBJIH- 

eTca rpaBHTauHOHHoe npHTaaceHHe. PaccMOTpHM cHTyauHio, Kor^a 
Ha (j)OHe o^Hopo^Ho pacnpe^ejieHHoro BemecTBa c miOTHOCTbio po 
b HanajibHbiH momcht BpeMeHH B03HHKaeT o6jiacTb noBbimeHHOH 
nJIOTHOCTH c h36htkom bp. OieBH^HO, 4to 0Ha 6y#eT npHTHTHBaTb 
k ce6e oicpyacaiomee BemecTBO. BemecTBO Ha^HHaeT CKanjiHBaTbca 
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b 3toh o6jiacTH, ecjiH 3TOMy npoueccy He npenaTCTByiOT chjiw jjaBjie- 
hhh. B tom cjiynae, Koma b BemecTBe npw HapymeHHH ootopoahocth 
pa3BM BaioTCH chjiw npHTHxeHMH, to BemecTBo 6yzjeT HaicanjiHBaTbCH 
TO Tex nop, noKa ero He ypaBHOBecaT chjiw tobjichhh. B cjiy- 
qae, Koraa pa3Mep o6jiacTH L c h36htkom BeiuecTBa bcjihk, 6yzjyT 

TOMHHHpOBaTb rpaBHTauHOHHbie CHJIbl. B 06jiaCTflX nOBblUieHHOH 
nJIOTHOCTH C MaJIblMH pa3MepaMH TOMHHHpyiOmHMH HBJIHJOTCH CHJIbl 
flaBJieHHfl, KOTOpbie BbipaBHHBaiOT KOHTpaCT nJIOTHOCTH. 

JlerKO noHHTb, hto no nopaaicy BejiHHHHW rpaHHue pa3^ejia 
Meacay flByMH 3thmh B03MoacHocraMH cooTBeTCTByeT paBeHCTBO Bpe- 
MeHH na^eHHH k uempy BbiTOJieHHOH o6jiacTH t g H3-3a chji npnraace- 
hhh h BpeMeHH pacnpocrpaHeHHH 3ByKOBOH bojihm t s , KOTopoe o6y- 
cjiaBJiHBaeT chjiw tobjichhh, npoTHBOTOHCTByiomne CHJiaM npHTaace- 

HHH. rpaHHHHWH MaCIUTa6, KOTOpblH nOJiyHaeTCH H3 paBeHCTBa 3THX 
npOMOKyTKOB BpeMeHH, Ha3WBaK)T &JIHHOH flxHHca (kotopwh B Ha- 

Ha/ie Hauiero BeKa nccjieTOBaji 3aaa4y o rpaBHTauHOH hoh HeycTOHHH- 
bocth b paMKax HbioTOHOBOH TeopHH Ha CTauHOHapHOM <J)OHe) . 4ame 
ee o6o3Ha4aiOT A j . To^Hoe 3Ha4emie ,hjihhw flacHHca b paciunpaio- 

meHCH BcejieHHOH, 3anOJIHeHHOH MHOrOKOMnOHeTHOH 2CHflK0CTbK), 

He bxoott b Kpyr 3a,na4, KOTopwe mw 3^ecb oGcyacnaeM. Bwbojj 3toh 
(J)opMyjiw HHTaTejib moxct Hanra b cneunajibHOH jiHTepaType [5]. 

Bo3MymeHHa iijiothocth Ha CTauHOHapHOM 4>OHe pacTyr 3kc- 
noHeHunajibHo. MHTyHTHBHO hcho, hto Ha paciunpaiomeMCH 4>0He 
pocT B03MymeHHit 3aMe^jiHTca. Bcjib b pacmnpaiomeHca BcejieHHOH 
(J)OHOBa5i njioTHocTb po(t) HBjiaeTCfl y6wBaiomeH (fryHKUHeii BpeMe- 
HH. CKopocTb pa3BHTHH B03MymeHHH b paciimpfliomeHCH BcejieHHOH 
6y,aeT CTeneHHWM o6pa30M 3aBnceTb ot BpeMeHH. 

HTaK, BMecTO 3KcnoHeHunajibHoro nojiynaeTca ereneHHOH 3a- 
koh. Poct B03MymeHHH njioTHocTH b paciunpaiomeHCH BcejieH- 
HOH 3Ha4HTeJIbH0 MeflJieHHee, HCM POCT B03MymeHHH nJIOTHOCTH 

b CTauHOHapHOM BemecTBe; xuiji o6pa30BaHHH KpynHOMaciirra6HOH 
CTpyKTypw BcejieHHOH h ranaKTHK Tpe6yeTCH oneHb MHoro BpeMeHH. 



HeAHHeHHan CTaAHH pa3BMTHfl B03MymeHHH 



HejiHHeHHaa craaHH pa3BHTHa Heo/wopoflHOCTeH b kocmojiofhh 
cymecTBeHHO OTJinqaeTca ot 3bojiiouhh, HanpHMep, npoT03Be3£Horo 
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o6;iaKa. HecMOTpa Ha to, hto aoMnHnpyiomnn (|)H3H4ecKHH Me- 
xaHH3M b o6ohx cjiynanx o^HHaKOB — rpaBHTaunoHHoe npnTOKe- 
Hwe, — cymecTByeT npnHunnnajibHoe pa3Jin4ne. Oho 3aKjiK>HaeTC« 
b tom, 4to o6pa30BaHHe KpynHOMaciirra6HOH cTpyKTypw npowcxo^HT 

B 6eCCTOJIKHOBMTeJIbHOM BdlieCTBe, HaCTHUW KOTOporO flBHXyTCfl, 

npaKTHnecKH He B3anMO#encTByH apyr c apyroM. E^HHCTBeHHaa cn- 
jia B3aHMO^eHCTBHH, Bbi3biBaioinafl pocT B03MymeHHH — rpaBHTauH- 
OHHoe B3aHMo,aeHCTBHe. ^jih TOMHoro onwcaHMfl TaKoro B3anMoaen- 
ctbhh Heo6xo,aHMo peuiaTb KHHeraHecKHe ypaBHeHHH (no KpaftHeii 
Mepe b HeKOTopoM npH6jiM^ceHMH k peanbHOH CHTyaijHH, a Jiynuie — 
3a#any N Teji b rpaBHTaunoHHOH (Jw3HKe). Xoth aaHHoe paccMOTpe- 
HHe Bbixo^HT 3a paMKM KHMra, ocHOBHbie naew, jieacamHe b 4>yH,aa- 

MeHTe TeOpMH MOXHO nOHHTb M3 npOCTWX 4)H3HHeCKHX paccjoK^eHMH. 

BHa^ajie paccMOTpnivi o^HOMepHoe aBHaceHne no nHepunn na- 
cthu, KOTopwe b HaqajibHbin momcht BpeMeHn pacnojioaceHbi paB- 
HOMepHo. EyaeM cnnTaTb, hto qacraijbi HenpepbiBHon cpe^bi npoHy- 
MepoBaHbi KOop^nHaTaMn JIarpaHaca £, a $H3H4ecKne KoopflHHaTbi 
nacTnu 6y^eM o6o3Ha4aTb Koop^HHaTaMH 3ftjiepa x. B HanajibHbin 
MOMeHT BpeMeHn to KoopOTHaTbi, HyMepyiomne nacTnubi n (J)H3n- 
necKne Koop^HHaTbi x, coBna^aioT, a b nocjie^yiomne momchth 
BpeMeHn Meac^y hhmh cymecTByeT 3aBncnMocTb: 

x = t + v(t)(t-t 0 ). (13.1) 

3,aecb v(£) — cKopocTb qacTHUbi c jiarpaHxeBon KoopflHHaroH £. 
Poct Koop^nHaTbi nponopunoHajibHO BpeMeHn 03Ha4aeT, hto mm 
paccMaTpnBaeM nHepunajibHoe ^BnxeHne, a 3aBHCHM0CTb CKopocra 
HacTnuw ot ee jiarpaHaceBon KoopawHaTbi 03HanaeT, hto nacTHUbi 
flBnacyTca c pa3HbiMn ckopocthmh. B 3tom cjiynae, #Be Hacraubi 
c pa3JiH*mbiMH ckopocthmh cnycrn HeKOTopoe BpeMfl Moryr oica- 
3aTbCH b oflHon TOHKe npocTpaHCTBa njin aaace ojma n3 hhx o6roHHT 
apyryio. 06pa3yeTca, KaK roBopaT MaTeMaraKH, 3aHHMaiomnec» Te- 
opnen KaTacTpocJ), ciaia^Ka njin nepexjiecT. 

PaCCMOTpHM, HTO npOHCXOflHT C nJIOTHOCTbK) Cpeflbl npn TaKOM 

npouecce. 3aecb mm paccMaTpnBaeM oflHOMepHbift npouecc, no- 
3TOMy njioTHOCTb b HauieM cjiynae — o^HOMepHaa njioTHOCTb. IIo- 
CKOJibKy cnnTaeTCH, wto HacTnuw HeB3anMO^encTByiomne, to mo)kho 
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Pmc. 13.1. Ha rpa<t>HKe npeAdaBAeHO HanaAbHoe pacnpeA€AeHne CKopocreM nacTMu 
Ha npaMOM. CKopocTb v(£) b 3aBMCMMOCTM ot AarpaHtteBOM KoopAMHaTbi £ npeACTa- 
BAseT c(>yHKi4wo c Ma kc MMyMOM b uempe m cnaAaiomMMn KpbiAbflMM no 6oKaM. 3to 

3HaHHT, HTO HaCTklUa, paCnOAO>KeHHafl npH { = 0, MMCCT MaKCMMaAbHyiO CKOpOCTb, 

HanpaBAeHHyio b dopoHy B03pacraioLUMx f . Hacmubi, KOTopwe pacnoAOxeHbi npaBee, 

MMeiOT MeHbLUMe CKOPOCTM. CAeAOBaTCAbHO, HyAeBafl HaCTMUa MX AOrOHMT 

HanHcaTb 3aKOH coxpaHeHMH Maccw, a ruioTHocTb 6yzjeM onpe- 
AejiaTb KaK cyMMy Mace, aejieHHyio Ha <J)H3H4ecKoe paccTOHHHe 
Ax Meacay 4acTHuaMH. 3aKOH coxpaHeHHH Maccw 03Ha4aeT, hto 

K0JIM4eCTB0 HaCTHU OCTaeTCH ITOCTOHHHblM, OHH He pO)K£aiOTCH 

h He Mcne3aiOT. 

FIjioTHocTb b jiarpaHaceBbix koophh HaTax He 3aBHCHT ot BpeMe- 

HH, a 3BOJIIOUMH IUIOTHOCTH B 3HJiepOBbIX (4>H3H4eCKHx) KOOpflHHaTaX 

3aBMCHT ot Ha4ajibHoro pacnpeaejieHHa 4acTHu b £ -npocTpaHCTBe 
h HanajibHoro pacnpe^ejieHHH cKopocTefl v(£). Ha pnc. 13.1 noKa3a- 
ho Ha4ajibHoe pacnpe^ejieHMe cKopocTeii 4acrau b 3aBHCHMo- 
ctm ot jiarpaH^ceBOH Koop^HHaTbi £ . 

B HaqajibHbift momcht BpeMeHH t — to pacnpeaejieHne 4a- 
cthu b jiarpaH>KeBbix KoopaHHaTax h b (J)H3H4ecKOM npocTpaHCTBe 
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Pmc. 1 3.2. Ha rpa<t>w<e npeAdaBAeHa 3aBHCMMOCTb noAO>KeHM9 nacTnu b 3MAepoBbix 
KoopAMHaiax (peaAbHbix noAoxeHMM naaviu b HaiueM npocipaHCTBe) ot AarpaHxeBbix 

KOOPAMHaT B pa3AMHHbie MOMCHTbl Bp€M€HM, B HaHaAbHbIM MOM6HT BpCMCHM X = £ , HTO 

noKa3aHO npsMOM, npoBeAeHHOki noA 45° . B nocAeAyioiUMe MOMCHTbi bpcmchm npsiMasi 
HaHMHaeT MCKpMBAsrrbca. Ee npaBoe kpwao craHOBMTCsi Bee 6oAee noAorMM, a yroA 
Me>KAy KacaieAbHOki k 3TOMy KpbiAy m ropn30HTaAbHOM ocbio yMeHbLuaeTca. XMpHaa 
KpMBaa noKa3biBaeT nepBbiM momcht, KorAa KacaTeAbHaa craHOBMTCfl napaMeAbHOM 
ropn30HTaAbHOki npjiMOki, KorAa B03HMKaeT KaTacTpcxJ)a. B nocAeAyiomMe MOMembi 
Bp€M€HM KpuBaa M3rn6aeTC5i eme 6oAbwe, k3>kaom tohkc no ocm x cooTBeTCTByeT tpm 

TOM KM no OCM £ 

coBnaaaeT. O^HaKO yxe b nocjieayiomHe momchtw BpeMeHH pac- 
npe^ejieHHe Hacrau HanHeT MeHHTbCH. Ha pnc. 13.2 noKa3aHbi H3- 
MeHeHHH b pacnpe^ejieHHH HacTHu; b pa3JiH4Hbie momchth BpeMe- 
HH nocjie Hanajra ^bh^kchhh. HacTynaeT momcht BpeMeHH, Koma 
o^Ha H3 nacTHU floroHneT nacTHuy, KOTopan #BH>iceTCfl Bnepe^H. 

OH3HHeCKOe paCCTOHHHe MOKfly HHMH CTaHOBHTCH paBHMM Hyjiio, 

a 3HaMHT, njioTHOCTb HHCJia HacTHu Ha npHMOH oGpamaeTCH b 6ecKO- 
HeHHocTb. 3tot MOMeHT cooTBeTCTByeT Hanany pa3BHTH5i KaTacTpo4)bi 
(MaTeMaTHHecKon) { \ 06pa3yeTca cioia^Ka hjih nepexjiecT. 3tot mo- 
MeHT Bbi^ejieH. KpHBan, cooTBeTCTByiomafl pacnpe^ejieHHio qacrau, 

^ IlpaBaa, b cjiynae jxbwkqhur MaiiiHH (a He nacrau) no Tpacce 3tot momcht 
cooTBeTCTByeT, KOHeHHO, peajibHOH KaTacTpo(J)e ; 
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Pmc. 1 3.3. Ha rpac(>wKe M3o6pa>KeHa 3BOA04na haothoctm nacTviu cpeAbi b 3aBMCMMO- 

CTH OT 3HaHeHMfl MX KOOPAMHaTbl X B pa3Hbie MOMeHTbl BD6M6HM. BHa^aAe nAOTHCXTb 

paBHOMepHa, hto noKa3aHO npflMOM, napaMeAbHOM ropn30HTaAbHOM och (cooTBeT- 
CTByiOLueM 3HaneHHio p = 1). B CAeAyiomne momchtw BpeMeHH riAOTHOCTb HaHMHaeT 
yMeHbiuaTbCfl CAeBa ot ocm opAHHaT m yBeAUHMBaTbca cnpaBa. MaKCMMyM 4>yHKUMM, ko- 
TopbiM pacnoAOxeH cnpaBa ot och opAMHaT, pacreT. HacTynaeT momcht, cooTBercTBy- 

KDLUHkl 06pa30BaHMI0 CKA3AKM, KOrAa 3TOT MaKCMMyM CTaHOBMTCfl 66CKOH6HHblM. Ha pM- 

cyHKe oh BbiAeAeH >kmphom ahhmcm. B nocAeAyiomMe momchtw bdcmchm o6pa3yiOTCfl 
ABe cHHryAJipHOCTM - 6ecKOHeHHbie MaKCHMyMbi haothoctm B03HMKaioT b AByx MecTax 

noKa3aHa Ha rpac|)HKe caMoii xhphoh jihhhch. KacaTejibHaa k 3toh 

kphboh daHOBHTCH napajuiejibHoft rOpH30HTaJIbHOH OCH. Bo3HHKa- 

eT Heo#H03HaHHOCTb b 4>yHKUMH #(£). ^Be nacraubi, noMeneHHbie 

pa3HbIMH KOOpj^HHaTaMH £, HMdOT O/JHO 3HaHCHHe X. 

3a o6pa30BaHHeM h sbojhouhch cKjiajKH jienco npocjieflHTb, Ha- 
6jno,aaH KaK MeHaeTca ruioTHOCTb qacTwu cpe^bi p(x) b 3aBHCHMoera 
ot 4>M3H4ecK0H KOopflMHaTbi x (pHC. 13.3). H3o6pa3HM Ha rpa4)HKe 
3bojik)ii,hk) pacnpeaejieHHfl qacrau. PaccMOTpHM sbojhouhio iijiot- 

HOCTH &J191 HeCKOJIbKHX BbmeJieHHblX MOMCHTOB BpeMeHH. KpHBafl, 

H3o6pa^ceHHaa tohkoh jihhhch, coBna^aeT c HanajibHbiM pacnpe^e- 
jieHHeM nacTHU h B3HTa b HanajibHWH momcht BpeMeHH. >KHpHaa 

KpHBaH COOTBeTCTByeT MOMeHTy BpeMeHH 06pa30BaHHH cKJiamcH. 3to 
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03Ha4aeT, 4to b T04Ky, cooTBeTCTByiomyio MaKCMMyMy kphboh, no- 
najio no KpaftHeft Mepe jxbq 4acraijbi. Ohh 3aHHMaiOT o#ho h to ace 
nojioxeHHe Ha ropn30HTajibHoii ocm, paccTOHHwe Meamy hhmh paBHO 

HyjIK), B 3TOT MOMeHT BpeMeHH B 3TOM MeCTe B03HMKaCT 6ecKOHe4Hoe 

3Ha4eHHe njiOTHOc™. 

3B0JH0UHH npo^ojDKaeTCH, yace Tpw 4acTHUbi Haxo,oflTCH b ozjhom 
MecTe no och x. Ilpn 3tom cpeflHaa 4acraua (HenpepwBHo npo- 
ijo/DKaa ^BHxeHHe) noKa3biBaeT nojioxeHne cKjia^KH, jieBaa 4acraua 
npoxo^MT MecTonojioxeHHe cKjia^KH, o6roH5ra cpe^Hioio, npaBaa 4a- 
craija, ABnraHCb MczyieHHee Bcex, npoxoam cKjiawy cnpaBa HajieBO. 
Bo3HHKaiOT jxbq CHHryjiflpHOCTH b pacnpeaejieHHH njiOTHOc™, ^Ba 
6ecKOHe4HO bmcokhx nnKa njioTHocTM. 

nponcxo^HT, KaK roBopaT MaieMaraKM, KaTacTpo<i)a. Otmc- 
thm, 4to Macca npn 3tom b 6ecKOHe4HOCTb He o6pamaeTca, xora 

njIOTHOCTb 4aCTHU CTaHOBHTCfl 6eCKOH64HOH. 

TaKHM 06pa30M, B03HHKaeT CHHryjIHpHOCTb njIOTHOCTH 4aCTHU. 

Ilo4eMy mm CTOJib no^po6Ho o6cy)KAaeM Ka3ajiocb 6bi 04eBH£- 
Hbie BeujH? TpnAUaTb jieT Ha3a#, Kor^a fl. B. Sejib^OB^ npncTynwji 
k co3AaHHio Teopnn KpynHOMaciuTa6Hon cipyKTypbi BcejieHHOft, 
3th cooGpaaceHHH He Ka3ajiHCb 04eBHflHbiMH. CKopee HaoGopoT, ohm 
Ka3ajiHCb HenpnMeHHMbiMH k pa3BHTHio CTpyicrypbi bo BcejieHHoft. 
Bojiee Toro, ^aace caM aBTop 3toh Teopnn, aKa^eMHK JL B. 3ejib- 
AOBH4 BHa4ajie Ha3biBaji ee Teopweft o6pa30BaHwa rajiaKTHK. Oh, 
AH^pen reoprneBH4 ,H,opoiiiKeBH4 h hx coTpy^HHKH CHa4ajia flyMajm 
nodpoHTb Teopwio o6pa30BaHHH rajiaKTHK bo BcejieHHoft. 

IlpH TpexMepHOM ^BH^KeHHH ycjio>KH5ieTC5i ero onwcaHHe npn 
coxpaHeHHH Ka4ecTBeHH0H CTpyicrypbi. Tenepb ^BwaceHHe 4acTHU, 
onpe^eJiHeTca He CKannpHOH BejiH4HH0ft x, a BeKTOpHOH BejiH4H- 

HOH f. 

IlycTb Ha4ajibHoe pacnpe^ejieHwe njioraocTH HMeeT KOHTpacT 
3Ha4HTejibHO MeHbiue eflHHHUbi. IlycTb TpexMepHbifi npo(J)Hjib mioT- 
hoctm npezicTaBjiaeT H3 ce6a TpexocHbiH 3JiHnncoH#, H3o6paaceHHbiH 
Ha phc. 13.4. 

06o3Ha4HM och sToro 3JijiHncoH£a. Caivtyio KopoTKyio ocb 060- 
3Ha4HM 6yKBoft a, cpe^Hioio ocb — 6yKBOH /?, caMyio OTHHHyK) — 
6yKBOH 7 . 3Ta <J>Hrypa He o6jia#aeT cbohctbom c(j)epH4ecK0H cHMMe- 
tphh, no3TOMy BHeniHHe cjioh BemecTBa co3flaioT nojie npHraaceHHH 
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BHyrpH h aeHCTByioT Ha co- 

CTOflHHe nJIOTHOCTH. SjUlK- 

ncoHA HaHHHaeT cacHMaTb- 
ca, ho He no BceM ochm paB- 
HOMepHO. CaMaH 6ojibiuaH 
CHJia npHDDKeHHH ^eftcTBy- 

eT B^OJIb CaMOH KOpOTKOH 

och a. Bbidpee Bcero 3jijih- 
nconfl OKHMaeTca no 3toh 
och. McmieHHee Bcero oh 
cxwiviaeTCH no och, o6o3Ha- 

HeHHOH 6yKBOH 7. 

Mo>KHO CHHTaTb, 4TO 

OKarae no o^hoh H3 ocefl 
nponcxoOTT KaK b OflHOMepHOM cjiynae. IlocKOJibKy a hbjihctch 
HaHMeHbineft bcjihhhhoh, to npn cra^HH HejiHHeHHofl sbojuoijhh 
BHanajie B03HHKaeT 6ecKOHeHHocTb iljiothocth no 3toh och, a 3aTeM 
yace 6ecKOHe4HOcra no flByM apyrHM ochm. IlocKOJibKy bcjihhh- 
hw a, (3, 7, Boo6me roBopa, pa3JiH4Hbi (aaace b nojie cjiynanHbix 
B03MymeHHH HepaBeHCTBo 3thx BejiHHHH — TaK Ha3biBaeMbiH cjiynan 
o6mero nojioaceHHa), to oKarae HfleT B^ojib o^hoh H3 oceft h BHa- 
qajie (t>0P MM PyeTCH tohkhh cjioh c bmcokoh iuiothoctmo. 3aTeM 
cxarae wjxgt B^ojib oflHoft H3 nepneHflHKyjrapHbix oceft h o6pa3yeTca 
CTpyKTypa, no,ao6Haa hhth, nocjie qero OKarae mjeT no TpeTbeft 
H3 ocett h o6pa3yeTCH komok BemecTBa bwcokoh mioTHocTH h Hepe- 
ryjiapHOH (J)opMbi. O^HaKO 3tot npouecc aocTaTOHHO zuiHTejibHbiH. 
Tohkhh (no KocMOJiornnecKHM MacuiTa6aivi) cjioh BemecTBa nojiyqnji 

Ha3BaHHC «6jIHH». TaKHe «6jIHHbI» 6bIJIH OTKpblTbl npH COCTaBJieHHH 

KaTajioroB rajiaKTHK. 

JXo chx nop mw paccMaTpHBajiH ^BHaceHHe no HHepuHH. KaK 
H3MeHHTCH pe3yjibTaTbi, ecjiH mw «bkjiiohhm» B03fleHCTBHe rpaBHTa- 

UHOHHOrO nOJIH? M3MCHHTCH JIHIHb 3aBHCHMOCTb pOCTa KOHTpaCTa 

nJIOTHOCTH ot BpeMCHH, a bch KapTHHa b uejioM ocTaHeTca cnpaBe^- 

JIHBOH. 

J\o o6pa30BaHHH «6jihhob» njioraocTb ocTaeTca ^ocTaTOHHO Ma- 
jioh, cpeziy nacTHu moxho c^HTaTb 6eccTOJiKHOBHTejibHOH. riocjie 

06pa30BaHHH «6jIHHOB», KOr^a KOHTpaCT ITJIOTHOCTH 3HaHHTCJIbHO 




Pmc. 13.4, Ha pkicyHKe M3o6pa>KeHO HanaAb- 
Hoe pacnpeAeAeHMe KOHTpacTa nAOTHocTM. 
B o6meM CAynae oho MMeeT <{)opMy TpexocHo- 
ro 3AAnnconAa - (t>Mrypbi, noxo>KeM Ha cxaTbiM 
(HepaBHbiM o6pa30M m no TpeM ochm) mam 
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npeBbimaeT eflHHHuy, 6eccTOJiKHOBHTejibHoii mokho cHHTaTb rarib- 
ko o^hh KOMnoHeHT cpe^bi — cjia6oB3anMo^eiicTByiomne qacTHUbi. 
B 6apHOHHOM KOMnoHeHTe o6pa3yeTca yaapHaa BOjiHa, KOTopaa 
pa3orpeBaeT BemecTBO h, b npHHijHne, moxst 6biTb 3aMeneHa MeTo- 
aaMH pa^HoacTpoHOMHH. 3Ta MHTepecHaH acTpoHOMHHecKaa 3aaa4a 
He peiueHa chx nop. 

06pa30BaBiuHHca 6jihh ropaHero BemecTBa (oh nojiHOdbio 
4>opMHpyeTca npH 3Ha*ieHHHX KpacHoro cMemeHHH z ~ 10-4) npo- 
.aojuKaeT 3bojiioixhk). Oh ocrbiBaeT, b HeM HaHHHaioT (J)opMHpoBaTbC5i 
MejiKOMacuiTa6Hbie npoueccbi CKynHBaHHH, BemecTBO pa36HBaeTC5i 
Ha raraHTCKHe o6jiaKa, H3 kotopwx yxe 4>opMnpyioTca rajiaKTH- 
kh. Haao noOTepKHyrb, hto npouecc o6pa30BaHHH rajiaKTHK noKa 
HenoH5rreH ^aace Ha KanecTBeHHOM ypoBHe; MoaceT 6biTb, HeKO- 
Topwe H3 K)Hbix HHTaTejieft 3toh khhhi CMoryr pa3ra#aTb sara^Ky 
o6pa30BaHHH MHpa rajiaKTHK, kto 3HaeT... 

HecMOTpa Ha to, hto KpynHOMacuiTa6Ha5i crpyicrypa b pacnpe- 
aejieHHH rajiaKTHK b npocTpaHCTBe yace o6Hap>oKeHa, cjie,ayeT no£- 
HepKHyrb, hto caMa CTpyKTypa hbjihctch jiniiib nepexo^HbiM coctoh- 
HHeM. CTpyicrypa b BH^e 6jiHHa npo^ojixaeT cacHMaTbca no BTopoft 
och h co BpeivieHeM npeBpaTHTca b HHTb (KOHe^HO, cocToamyio H3 ra- 
jiaKTHK), KOTopaa 6y,aeT npo^ojiacaTb aKarae no TpeTbei! och, noKa 
3tot npouecc He 3aBepuiHTca o6pa30BaHHeM KOMKOBaTOH CTpyicrypbi 
CBepxcKonjieHHfl rajiaKTHK. 

AHajiH3 npoueccoB o6pa30BaHH« KpynHOMaciirra6HOH CTpyK- 
Typw rajiaKTHK aaxe KanecTBeHHbiMH MeTo^aMH aBJiaeTca 04eHb 
cjio>KHbiM, no3TOMy cneunajiHCTbi, b ochobhom, npe^noHHTaioT npo- 
H3Bo^HTb KOMnbioTepHoe Mo^ejinpoBaHHe npoueccoB o6pa30BaHH» 
KpynHOMaciiiTa6HOH cTpyKTypw H3 HanajibHbix Manbix B03MymeHHH 
c yneTOM MHoroKOMnoHeHTHofl cpe#bi. OiezjyeT CKa3aTb, hto Ta- 
Koe KOMnbioTepHoe MOflejmpoBaHHe CTajio bo3moxhwm b nocjie^HHe 
10 jieT, Kor^a noHBHJincb 6bicTpo^ettcTByiomHe 3BM. 

Ha phc. 13.5 noKa3aHo ^ByiviepHoe KOMnbioTepHoe MO^ejinpo- 
BaHHe 3bojiiouhh KpynHOMacuiTaGHOH CTpyKTypw BcejieHHOH. Ilpn 
BbiHHCJieHHax CHHTanocb, hto BcejieHHaa 3anojiHeHa TeMHoft MaTepn- 
eft, npeacTaBjiaiomeH H3 ce6n HeihpHHo c HeHyjieBOH Maccoft noKoa. 
H3 nepBOHanajibHo Manbix B03MymeHHH njiOTHOcra (pnc. 13.5 a) B03- 

HHKaeT nOBblUieHHblH KOHTpaCT njIOTHOCTH (pHC. 13.55), KOTOpblH 
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Pmc 13.5. Ha pHcyHKe M3o6paxcHO KOMnbDTepHoe moa^am poBa h ne AByMepHoro 
pacnpeACAeHMfl npo6Hbix ToneK, M3o6pa>KaiouuMx raAaKTMKM. KoMnbioiepHoe MOAe- 
AMpoBaHMe npoAeAaHO A*opA>t<eM 34>CTa<t>MO. PkicyHOK, o6o3HaMeHHbiPi 6yKBoPt «a», 
npeAdaBAsieT HanaAbHoe pacnpeAeAeHHe ToneK b npocipaHCTBe. Tohkm pacnpeAe- 
AeHbi HepaBHOMepHO, noaTOMy cymecTByeT CAynaMHoe AByMepHoe pacnpeAeAeHHe 

CKOpOCTeM H AByMepHbIM KOHTpaCT fTAOTHOCTM. Ha BTOpOM KapTMHKe «6» noKa3aHO 

2D pacnpeAeAeHHe raAaiaviK nocAe 5 mapa AeT bboaioumm. HaKOHeu, Ha nocAeAHMx 
KapTMHKax noKa3aHo pacnpeAeAeHHe raAaKTHK nocAe 10 m 6oAee MkiAAMapAOB AeT 

3BOAIOUMM Kpyn HOMa IDTd6HOft CTpyKTypbl. flBHO BMAHbl AByMepHbie «6AMHbl» 

■ 

3aieM (pHC. 13.5 e, e) TpaHC(J)opMHpyeTCH b apico BbipaxeHHyio CTpyK- 
Typy, coaepacamyio AByMepHbie «6jiMHbi». 

Ha pHC. 13.6, 13.7, noKa3aHbi KOHTypbi njioTHOCTH pacnpe^ejie- 
hhh rajiaKTHK b OKpy>KaK)meM Hac npocTpaHCTBe , h KOHTypw iuiotho- 
cth Mo^ejibHoro pacnpe^ejieHHH, HaitaeHHbie no TeopHH 3ejib,n;oBHHa. 
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j 300 PaccTOHHHe 

B MJIH CB. JieT 




Pmc. 1 3.6. Ha pucyHKe M3o6pa>KeHbi Kowypbi itaothoctm b pacnpeAeAeHMM raAaiawc 

BriAOTb AO paCCTOflHMM 250 MAH CBCTOBblX A6T. HaLUa faAaKTMKa paCnOAOXeHa B A6BOM 

hm>kh6m yrAy pMcyHKa. B pacnpeAeAeHMM BemecTBa hbho npocAexMBaeica CTpyiaypa 
b BMAe uenoneK raAaicrMK, OTAeAbHbix «6amhob» m bomaob 

Ha phc. 13.8 noKa3aHo pacnpe^ejieHHe rajiaKTHK b OKpyacaiomeM Hac 
npocTpaHCTBe. Xohctch no^nepKHyTb , hto cxo^ctbo nepBbix flByx 
KapTMHOK H3yMMTejibHoe. He tojibko HarjianHoe cxoactbo, ho h crpo- 
rae MaieMaTHHecKHe KpHTepHH noKa3biBaK)T, hto 3Ta tcapTHHa b 06- 

mHX HepTaX COOTBeTCTByeT aCTpOHOMHHeCKHM HaGjuoaeHHHM. 

BoAbiuoH AnpaKTOp 

Eme 06 o^hom HBjieHHH Heo6xoAHMO ynoMAHyTb. 3to Bojib- 
inoH ArrpaKTop. TeopHH KpynHOMaciirra6HOH CTpyioypbi BcejieHHOH 
He o6i>HCHfleT ero cymecTBOBaHHH. Bojiee Toro, caMO cymecTBOBaHHe 
3Toro o6T>eicra aojiro no^Beprajiocb coMHeHHK). 
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t 300 PaccTOHHue 




V 



Pmc 13.7. 3Aecb M3o6pa>KeHo TpexMepHoe KOMbiorepHoe moa^am poB8 h Me pacnpe- 
AeAeHna raAaKTMK Ha ocHOBe moacam «6amhob» b tom xe MacLUTa6e / hto m Ha npeAbiAy- 
meM pMcyHKe. Ha cynepKOMnbiorepe moasah poBa am bboakdumio KpynHOMacwTa6HOM 
CTpyKTypw, cocTOALueki M3 ~ 2 000 raAaKTMK. KoHiypbi haothoctm noKa3biBaioT oneHb 
xopoujee corAacMe (b CMbiCAe TonoAorMM pacnpeAeAeHMfl m ero ochobhwx MaTCMaTM- 
necKMX xapaKTepMCTMK) c peaAbHbiM pacnpeAeAeHMeM raAaKTMK Ha He6e 

B 1986 r. adpoHOMbi, H3MepHK>mne ckopocth rajiaKTHK, o6Ha- 
pyxHJiH, 4to ycpeflHeHHaa CKopocTb rajiaKTHK HanpaBJieHa b crapoHy 
CBepxcKonjieHHH Bmpa— UemaBpa. 3Ta CKopocTb 3Ha<iHTejibHO npe- 
BOCxo^Hjia ycpcaHeHHyio CKopocTb, cjie,ayiomyio H3 3aKOHa Xa66jia. 
OflHO H3 bo3moxhwx oGbhchchhh TaKoro pacnpeaejieHHH CKopo- 
CTeft — HajiH^ne 6ojibiuoro CKormeHHsi BeujecTBa, KOTopoe npHTH- 
raBaeT Bee rajiaKTHKH b CBoeft OKpecTHOCTH. Macca 3Toro CKomieHHH 
AOJDKHa 6biTb qyaoBHmHOH — b acchtkm Tbic»4 pa3 npeBocxo^MTb 
Maccy Hameft rajiaicraKH. 

O^HaKO yBM^eTb 3tot o6i>eKT 6buio oneHb TpyzjHO. Oh Haxoami- 
Cfl b HanpaBjieHHH cKoruieHHH IJeHTaBpa, t. e. 6wji 3aKpbiT ot acTpo- 

HOMOB UeHTpOM HailieH TajiaKTHKM. B hqPi, oco6eHHO b ueHTpajibHott 

o6jiac™, MHoro nbijin, KOTopan 3KpaHnpyeT H3JiyHeHne. /J,pyrnMn 
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Pmc, 1 3,8. PacnpeAeAeHMe raAaKTMK Ha ceBepHOM m kdxhom He6e. TAy6kiHa pacnpe- 
AeAeHMfl npMMepHO TaKaa xe, KaK h Ha pmc. 2.3. Abho npocAexMBaioTCfl HecKOAbKO 

BOMAOB, UenOHKM raAaKTMK M «6AMHbl» 



cjiOBaMH, CBd ot Eojibuioro ArrpaKTopa norjiomajica no nyra. Tojib- 
ko MomHbie coBpeivieHHbie TejiecKonw iio3bojihjih «npHOTKpbiTb» nbi- 
jieByio 3aBecy, KOMnbioTepbi noMorjiH c4>opMnpoBaTb H3o6paxeHHe 
H3 hhhtcwkho cjia6oro noTOKa CBda h adpoHOMbi CMorjiH yBM^eTb 
Bojibiuoft ArrpaKTop. no oueHKaM, oh HMeeT ^HaivieTp npMMepHO 
cto MeranapceK, a ero uemp yaaneH ot Hac Ha paccT05mne naTb^e- 
cht MeranapceK. ^pyraMH cjiOBaMH, Hama TajiaKTHKa npHHa^exHT 
o^HOMy H3 caMbix 6ojibiUHx CKonjieHHH bo BcejieHHoft! 
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TeMHan MaTcpHfi bo Bccachhom 







Hto TaKoe TeMHan MaTepnn? 



Bojibuian nacTb Maccw Haiueft BcejieHHoii coctoht H3 tcmhoh 

MaTepHH. K 3TOMy BblBO^y npHIUJIH CpaBHHTejIbHO HeaaBHo, bo bto- 

poft nojiOBMHe Hamero ctojicthh. OiHTaeTCH, hto TaKoe TeMHoe Be- 
mecTBo He H3JiynaeT 4>otohob (b jik)6om awana30He #jihh bojih) hjih 
H3Jiy4aeT hx TaK Majio, hto ohm He flocTynHbi Henocpe^cTBeHHOMy 
HaGjiio^eHHK). npwpo^a TeMHoro BemecTBa aojiroe BpeMH flBjraeTCH 
npe^MeTOM ^HCKyccHH. 

BnepBbie o cymecTBOBaHHH tcmhoh MaTepHH yneHbie 3ano,ao- 
3Phjih no KpHBOH BpameHHH Harnett TajiaKTHKH, a TaioKe no kphbmm 
BpameHHH jxpymx rajiaKTHK. no3ace ee cymecTBOBaHHe 6hjio no,a- 
TBepameHo Ha6jno^eHHHMH CKopocTeft oraejibHbix rajiaKTHK b cKon- 
jieHHHX rajiaKTHK, a TaioKe no TeMnepaType ropflnero ra3a b sthx 
CKonjieHHflx. flojiH CBeTHmeftcH MaTepHH (3Be3#, ra3a h nbiJin) b 06- 
meft Macce Harnett BcejieHHoft cocTaBjiaeT MeHee o^Horo npoueHTa. 

ripoHBjieHHfl HeBH^HMott MaTepHH Ha6jno,aajiH BnepBbie b Ha- 
ineft TajiaKTHKe. 

nepBbie Hd6AK)AdT6AbHbl€ AaHHbie O TCMHOH M8TCPMM 

Hama CojiHeHHan cncTeMa, 6jin>KattiiiHe 3Be3^bi h 4>oh cjia6wx 
Hepa3peuiHMbix 3Be3fl, Ha3biBaeMbitt Mjie^Hbitt riyrb, npHHa^jieacaT 
orpoMHOH 3Be3£HOH cHCTeMe — Hameft TajiaKTHKe. B ee cocraB bxo- 
#ht npHMepHo 150 MJipa 3Be3,a, a TaioKe MOOBes^Hbie ra3 h nbuib. 
Ohh o6pa3yioT njiocKyio no,ncHCTeMy Hauiett TajiaKTHKH hjih jjhc- 
KOByio cocTaBJiHiomyio. Ee mo^cho cpaBHHTb c raraHTCKHM #hckom 
jum MeTaHHH. Pa3Mep TaKoro ancKa b nonepenHHKe ~ 30 KnK, 
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a TOJimwHa b ueHTpajibHott Hacra ~ 5 Kmc. Cojimje Haxo/jHTca 
npwMepHO b 10 KnK ot ueHTpa. 

TaKyio 4)opMy TajiaKTHKH acTpoHOMbi onpe#ejiHJiH, nocTpoHB 
pacnpe^ejieHHe b npocTpaHCTBe 3bq3ji hjih TaK Ha3biBaeMOH cBe- 
THmefica MaTepHH Hamen TajiaKTHKH. Pacnpe^ejieHHe 3Be3fl caMO 
no ce6e npe/jcTaBjraeT HHTepecHeniiiHH npe^MeT Hccjie^oBaHHH, o/j- 
HaKo paccjoKjj.eHHH o HeM yBejiyr Hac cjihiiikom aajieKo b cropoHy 
ot o6cyxaaeMoro npe^MeTa. Ka3aJiocb ecrecTBeHHbiM, hto pacnpe- 
jjejieHHe rpaBHTaunoHHoro nojin jjojdkho cjie/joBaTb pacnpe/jejieHHio 
3Be3^. 3to OKa3ajiocb He TaK. HTo6bi He no^BepraTb comhchhio 

OCHOBHbie 3aKOHbI (J)H3HKH, 6bijia BBezieHa KOHUenUHfl tcmhoh hjih 
HeBHflHMOH MaTepHH. 

3Be3^bi Hameft TajiaKTHKH B0Bjie4eHbi bo BpamaTejibHoe abh- 
aceHHe BOKpyr ee ueHTpa. Hx mo>kho paccMaTpHBaTb KaK npo6- 
Hbie nacTHUbi, ^BH>KymHecH BOKpyr o6mero ueHTpa Mace. TaK KaK 

OHH flBHraiOTCH B ipaBHTaUHOHHOM nOJie HaUieH TaJiaKTHKH, TO flJIH 

3Be3^bi Ha KpyroBOH op6HTe moxho cocTaBHTb ypaBHeHHe 6ajiaHca 
ueHTpo6e^cHbix h ueHTpocTpeMHTejibHbix chji BH^a: 

GM(r)m v 2 (r)m 



(14.1) 



r 

3,necb v(r) CKopocTb 3Be3,zu>i, t. e. H3MepHMan BejiHHHHa, r — 
paccTOHHHe ot ueHTpa TajiaKTHKH, am — Macca 3Be3#bi (Harnett 

npo6HOH nacTHUbi). Tenepb, 
nojib3y5icb 3thm ypaBHeHHeM, 
mo^cho BbiHHCjraTb o6mee KO- 
jiHHecTBO npHTflrHBaiomeH Mac- 
cw b TajiaKTHKe M(r) BHy- 
tph pa^nyca r . CKopocTb 3Be3,a 
(hjih CKopocTb o6jiaKOB ra3a) 
H3MepHK)T no cMemeHHio cneK- 

TpaJIbHblX jihhhh. Ha phc. 14.1 

npe^cTaBJieHa KpHBan Bpame- 
hhh ajih THnnqHOH cnnpajibHOH 
rajiaKTHKH. CroioniHOH jihhh- 
eft noKa3aHO Ha6jno,ziaeMoe pac- 
npe^ejieHHe CKopocTen no pa- 




Pmc. 14.1. Ha pMcyHKe M3o6pa>KeHa Kpn- 
Baa BpameHna tmiimhhom raAaKTMKM. no 

BepTMKaAbHOM OCM OTAO*eHa CKOpOCTb 

BpameHMfl npo6HOM tohkm b raAaKTMKe, 

no ropM30HTaAbHOM OCM — paccTOAHkie 

AO ueHTpa raAaKTMKM 
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OTycy rajiaKTHKM, nyHKTHpHoii jiHHHeft noKa3aHO pacnpeaejieHHe 
CKopocTeii, BbiHMCJieHHoe no pacnpe^ejieHHio bh^hmoh Maccbi ra- 
jiaKTHKM. H3 npMBe^eHHoii kphboh bh^ho, hto Tpe6yeTCH HajiH4ne 
HeKOTopoft HeBH^HMoft Maccw, 4to6h yaoBJieTBopHTb Ha6jno,aae- 
MOMy pacnpeaejieHMio CKopocreft. 3ia HeBH^HMaa Macca flOJUKHa 
6biTb pacnpeaejieHa no rajiaKTHKe 3Ha4HTCJibHO 6ojiee paBHOMep- 

HO, B 0TJIM4HC OT CBCTHIHeHCH MaTepHH, KOTOpafl HMeeT TeHfleHUHK) 

KOHueHTpwpoBaTbCH k uempy rajiaKTHK. 

B Haineft TajiaKTHKe Toace Ha6jno,aaeTC5i oTKjioHeHHe Ha6jno- 

aaeMOH KpHBOH BpameHMH OT KpHBOH BpameHHH, BbI4HCJieHH0H 

no BH^HMOH MaiepHH. TaK, Hauie Cojmije BpamaeTCH BOKpyr Ta- 

JiaKTHKH CO CKOpOCTbK) 220 KM/c Ha paCCTOHHHH npHMepHO 10 KnK. 

flpyrHMH cjiOBaMH, oho aejiaeT o^hh o6opoT BOKpyr uempa rajiaKTH- 
kh 3a 225 mjih jid. Ha 6ojibinHx MaciiiTa6ax, CKaaceM, 20 < r < 100 
KnK, KpHBaa BpameHHH 6ojibuiHHCTBa rajiaKTHK hbjihctch njiocKoft, 
h 3to HaGjno^aeTCH KaK b onraHecKOM, TaK h pa£HO#Hana30Hax. 
/],Hana30Hbi Macurra6oB, 6jiH3KHe k 100 Kmc, Ha6jno,aaioTCH no rk- 
HaMHKe inapoBbix CKomieHHH h KapjiHKOBbix rajiaKTHK, KOTopwe 

HBJIHIOTCfl CnyTHHKaMH Haineft IajiaKTHKH. 

OopMbl paCnpCACACHMfl TCMHOH MdTCpHH 

EcTecTBeHHo, hto KpHBan BpameHHH caivia no ce6e He #aeT hh- 
(J)opMauHH o 4>opMe pacnpeaejieHHH hcbh^hmoh MaTepHH b Haineft 
TajiaKTHKe, o ee TpexMepHOM pacnpe^ejieHHH h ee npHpo^e. Oop- 
My ee pacnpe^ejieHHa onpcuejiaioT H3 KOCBeHHbix coo6paaceHHft, 
nojib3yncb apryMeHTaMH 06 ycToitaHBOcra ahckoboh cocTaBJiHiomeft 
Haineft TajiaKTHKH. HaH6ojiee nonyjrapHoft ceftnac ABjiaeTca MO^ejib 
c(J)epH4ecKoro rajio, cocToamero H3 tcmhoh MaTepHH. HacTb HeBH- 

flHMOft MaTepHH B Haineft TaJiaKTHKe MOXST COCTOflTb H3 KOMnaKTHblX 

Teji Majioft Maccw, coctohiuhx H3 o6bi4Horo BemecTBa. Tot <J)aKT, 
4to ohh .ijojDKHbi o6jiaaaTb Majioft Maccoft, HeocnopHM. Ecjih Macca 
Tejia npeBbimaeT O,1M 0 , to TaKoe Tejio y»ce o6pa3yeT 3Be3,ny, BHyrpn 
KOTopoH wjmHbi BcnbixHyrb TepMO)mepHbie peaiajHH. 3th peaiajHH 
npHBe^yr k H3Jiy4eHHio (J)otohob — Tejio nepecTaHeT 6biTb HeBimH- 
MbiM. OaHaKO Taicne Tejia, KaK KopHHHeBbie KapjiHKH, o6jia#aiomHe 
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Maccoft MeHee fleca™ npoueHTOB Maccbi Cojmija, hjih BOflopoa- 
Hbie KapjiHKH, no,ao6Hbie lOnHTepy, cjihiiikom Majibi, 4To6bi CBeTHTb 
caMH. Ecjih ohh He Haxo^HTCfl b 3Be3flHoii CMCTeMe, a 6jiy)KaaK)T 
BHyrpH TajiaKTHKH, ohh 6yayr npe^daBjiHTb H3 ce6a o^Hy H3 4>opM 

HeBHflHMOH MaTepHH. 

OneHb HHTepecHyio ranoTe3y BbiCKa3aji H3BecTHbift poccHit- 
ckhh (J)H3hk Ajieiccaiiap Bhktopobhh TypeBHH. Oh npeanojioacmi 
cymecTBOBaHHe hcbhahmoh MaTepHH, cocToameH H3 3JieMeHTapHbix 
cjia6oB3aHMoaeiicTByK)mHx qacnm, TaK Ha3biBaeMbix HefnpajiHHO. 

OflHaKO, 3TH HaCTHUbl yHaCTByiOT B rpaBHTaUHOHHOM B3aHM0^eii- 

ctbhh, KOTopoe yHHBepcajibHo. Bjiaro^apa rpaBHTaanoHHOMy B3an- 

MOaeHCTBHK) OHH MOryT 06pa30BbIBaTb CBH3aHHbie 06T>eKTbI. TaKHe 

o6i>eKTbi 6ojibiue noxoaoi Ha o6jiaica, neM Ha 3Be3flbi hjih roiaHeTbi. 
Pa3Mepw HeKOMnaKTHbix Teji, KaK hx Ha3Baji A. B. TypeBHH, flOJDKHbi 

6bITb KOJIOCCaJIbHbl — nop^Ka OflHOH HJIH HeCKOJIbKHX aCTpOHOMH- 

HecKHx eflHHHu, t. e. 6ojibine, neM pacdOHHHe ot 3eMjiH ro CojiHua! 
OflHaKo hx Macca 3Ha4HTejibHO MeHbiue, hcm Macca Cojmija. IIjiot- 
HOdb hx MeHbiue, HeM imoTHocTb B03,ayxa. TeM He MeHee ohh 6yayT 
CTa6HjibHbiMH o6pa30BaHHHMH. TaKHe HeKOMnaKTHbie o6i>eKTbi mo- 
ryr cymecTBOBaTb b TeneHHe BpeMemi, cpaBHHMoro co BpeMeHeM 

XH3HH HailieH TaJiaKTHKH. 

Ha^O OTMeTHTb, HTO aCTpOHOMaM H3BeCTHbI 3Be3,abI TaKHX KO- 

jioccajibHbix pa3MepoB — 3to CBepxrnraHTbi, pa3Mep hx npeBocxo^HT 
pa3Mep op6htw Mapca b Harnett cojihchhoh CHdeMe. 

KoMnaKTHbie 6apHOHHbie Tejia h HeKOMnaKTHbie Tejia, cocto- 
Hmne H3 cjia6oB3aHMO#eHCTByK)iHHx nacTHu, Moryr 6biTb Ha6jno^a- 

eMbl C nOMOlUbK) 3(J)4)eKTa MHKpOJIHH3HpOBaHHH. Oh 6bIJI OTKpbIT 

b Harnett TajiaKTHKe b 1993 r. riapy cjiob o hcm mm yace cKa3ajin 
BO BBe,aeHHH. 

HeBH^HMan MaTepHH cymecTByeT He TOJibKo b rajiaKTHKax, ho 
TaiQKe h b cKoiuieHHHx rajiaKTHK. CymecTByioT KOHueHipHpoBaHHbie 
CKonjieHHa rajiaKTHK h pacceaHHbie CKonjieHHa. ,H,aace CKOHijeHTpH- 
poBaHHbie CKonjieHHH rajiaKTHK, o6jia#aiomHe c(J>epH4ecK0H chm- 
MeTpneH, Ha bh# 3Ha4HTejibHO 6ojiee pa3pe»ceHHbie, hqm uiapoBbie 
3Be3,aHbie CKonjieHHH. BoraTbix CKonjieHHH, o6jia#aiomHX 6ojibiiiHM 

KOJIHHeCTBOM rajiaKTHK, MaJIO. O^HaKO 3TO OflHH H3 CaMblX 60JIbIHHX 

o6T>eKTOB bo BcejieHHoft KaK no pa3MepaM, TaK h no MaccaM. 



OopMbi pacnpeAeAeHMfl tcmhom MaiepMM 
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OueHHBaTb KOJiHHecTBO HeBH^HMOH MaTepHH, npHHafljieacameft 
cKonjieHMHM rajiaKTHK, moxho HecmubKHMH cnocoGaMH. Qzjhh 
H3 TaKHx cnoco6oB — oueHMBaTb nojiHyio rpaBHTaijHOHHyio Mac- 
cy cKonjieHHH rajiaKTHK no BHpnajibHbiM ckopocthm oTflejibHbix 
rajiaKTHK. Btopoh — no TeMnepaType MOKrajiaKTHHecKoro ra3a, 
npHHajyiexamero CKonjieHHio. CymecTByeT eme o^hh cnoco6 oueH- 
kh nojiHoii Maccbi, a cjiejjoBaTejibHO h hcbh^hmoh MaTepHH — 
no cjia6oMy MHKpojiHH3HpoBaHHK>. Ouemcy rpaBHTauHOHHOH Maccw 
CKonjieHHH no 3<jxJ)eKTy cjia6oro jiHH3HpoBaHHH paccMOTpHM hvdhq, 

B DiaBe, nOCBHmeHHOH ipaBHTaiJHOHHblM JIMH3aM. 

Ha6jnoaeHHH BHpnajibHbix CKopocTeft rajiaKTHK (KOTopwe hbjih- 
iotch Mepoft rpaBHTaunoHHoro noTeHijHajia chctcmm rajiaKTHK), 
a Taoce HaGjno^eHHe ropanero ra3a b CKonjieHHax rajiaKTHK (npe#- 
nojiaraeTca, hto ra3 rbjihctch rpaBHTaunoHHo cBH3aHHbiM c pac- 
CMaTpHBaeMbiM CKonjieHHeivi) noKa3biBaeT, hto cpe^HHa njiOTHOCTb 
BcejieHHOH 3aBHCHT ot MacurraGa, Ha kotopom ee oueHHBaioT. 

ACTpOHOMbl npHIUJIH K 3aKJH04eHHK>, HTO raJiaKTHKH £OJI>KHbI 

o6jia#aTb npoTH^ceHHbiM rajio c pa3MepoM R ~ 150-200ft _l KnK, 

OTHOUieHHe ^ — «MaCCa— CBeTHMOCTb», KOTOpoe HBJIHeTCH HH£H- 

KaTopoM CKpwTOH Maccw { \ cocTaBjiaeT npHMepHo ^ ~ lOO/i ajih 

cnnpajibHbix rajiaKTHK h ^ ~ 400h jym 3JuiHnTH4ecKHX rajiaKTHK. 
flpyrHMH cjioBaMH, OTHOUieHHe Maccw hcbh^hmoh MaTepHH k bhot- 

MOH MOXeT COCTaBJIflTb ~ 100 flJWI 3JUIHnTH4eCKHX rajiaKTHK. OueHHB 

BKjiaji KaK rajiaKTHK, TaK h MexrajiaKraqecKoro BemecTBa, aBTopw 
npHinjiH k BbiBoay, hto napaMeTp fi (OTHOUieHHe cpe^Hen njioTHo- 
cth BcejieHHOH k KpHTHHecKott njioTHocTn) 3aKjno4eH b npejjejiax 
0,3-0,4 npH H = 100 KM/c/MnK. OueHKa cpe^Hefl njiOTHOcra Bce- 
jieHHOH, c^ejiaHHan no rajiaKTHKaM h ckoiuichkhm rajiaKTHK, otho- 
chtch k MaciiiTa6aM, jie^KamHM b npe^ejiax ot 10-50 KnK ao 30 MnK. 
TaKHM o6pa30M, HaKanjiHBaioTCH 3KcnepHMeHTajibHbie aaHHbie, 

KOTOpbie CBH^eTeJIbCTByiOT O TOM, HTO CpeflHHH njiOTHOCTb BcejieH- 
HOH npeBbimaeT 0,2 ot kphthhcckoh njioTHocTH (p CT i t ) h MoaceT 6biTb 
#aace paBHa eft. B tom cjiynae, ecjin o6maa njiOTHOCTb BcejieHHOH 



' HanOMHHM, 4TO flJIH 3BC3H COJIHeHHOrO THna OTHOUieHHe «MaCCa— CBeTHMOCTb» 

jiokht b npeaejiax y « 3-4. 
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cocTaBJiaeT MeHee ^ecaToft nacTM ot KpnTH4ecK0H nJiOTHoera p cr i t , 
HeBHAMMoe BemecTBo MoaceT Haxo^MTCfl b (J)opMe HeBHOTMoro 6apH- 
OHHoro KOMnoHeHTa. Ecjim njiOTHocTb 3Ha4MTejibH0 6ojibine, 4eM 
0,05/9 crit , to b HauieH BcejieHHoft ecTb, no KpaflHefl Mepe 5 ppa rana 

HeBMAMMOH MaTepMM. BTOpOM TMII — ra3 CJia60B3aMMO^eHCTByiOmHX 

qacTHU, TaKHX, HanpHMep, KaK MaccMBHbie hchtphho hjih aKCMOHbi. 
3ia qacTb HeBHflHMoft MaTepMM paBHOMepHO 3anojiHHeT CKonjieHMa 
rajiaKTMK, t. e. Maciirra6bi 10 Mmc. Henocpe^cTBeHHO Ha6juo^aTb 
3tm 4)opMbi MaTepMM HeB03MO>KHO, OHa HeBM^MMa, oflHaico no ee 

rpaBMTaUMOHHbIM npOHBJieHMHM MO^CHO 3aiGII04MTb, 4T0 njIOTHOCTb 

ee cocTaB^aeT npMMepHo S7 ~ 0,3. 

HejIb3H, OflHaKO, MCKJIK)4HTb, 4TO nOMMMO KJiaCTepM30BaHHOM, 

Heo^HopoflHo pacnpe^ejieHHOH (J)opMbi MaTepMM, cymecTByeT oaho- 
PO^hwm 4>oh HeBM^MMoro BemecTBa. riocjie^HMM HaM6ojiee tohho 

M3Mep5ieTC5I B 3KCnepMMeHTaX no jr (no aHM30TponHM pejIMKTOBO- 

ro M3JiyneHM5i). 06man njiOTHocTb HeBM^MMoft MaTepMM, c yneTOM 
pacnpe^ejieHHOM paBHOMepHO b npocTpaHCTBe, MoaceT ^ocraraTb 
ft « 0,6-1. 

IIOHCKH HaCTMU TCMHOM MdTCpHM 

Actpohomm MCCjie^yiOT pacnpe^ejieHMe tcmhom MaTepMM acrpo- 

HOMM4eCKMMM MeTO^aMM — UO rpaBMTaiJHOHHOMy JIMH3MpOBaHMK), 
KpMBbIM BpameHMH, BMpMajIbHbIM CKOpOCTHM, KpynHOMaciiiTa6HOMy 

pacnpe^ejieHMK) rajiaKTMK. MMKpojiMH3MpoBaHMe b HaiiieM rajiaK- 
tmkm yKa3biBaeT Ha to, hto no KpaMHeM Mepe nacTb HeBM^MMoro 
BemecTBa npe^CTaBJieHa b BM^e KOMnaKTHbix mjim HeKOMnaKTHbix He- 

CBeTHUJMXCfl TeJI (KOTOpbie HBJI5IIOTC5I ipaBHTaUMOHHO CBH3aHHbIMM), 

KOTopwe 3anojiHHK)T jjmck m rajio Haiuen TajiaKTMKM. TeM He Me- 
Hee, Ha6jnofleHMH noKa3biBaiOT, hto TaKMx Teji Majio zuih pemeHMa 
npo6jieMbi TeMHOH MaTepMM. Bnojme BepoaTHO HajiM4Me HeBM^M- 

MOH MaTepMM, npe^CTaBJieHHOM B (J)OpMe OTfleJIbHblX MaCCMBHblX 

cjia6oB3aMMO,aeHCTByK)mMx MacTHu. 

Ilo3TOMy npo6jieMa npnpoflbi hcbm^mmom MaTepMM, oqeBM,zmo, 
#ojDKHa TaiQKe pemaTbCfl m MemaaMM (J)M3mkm. CymecTBOBaHMe ho- 
Boro BM,aa MaTepMM yace caMo no ce6e HBjiaeTca bm3obom coo6mecTBy 
(J)M3mkob, KOTopwM Tpe6yeT OTBeTa. 



floMCKM nacTkiu tcmhom MaTepkiki 
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OH3HKH-3KcnepHMeHTaTopbi peuiaioT 3Ty npo6jieMy cbohmh 
MeTOflaMH. Ecjih TeMHoe BemecTBO npeflCTaBjineT H3 ce6n c;ia6oB3a- 
HMo^eHCTByiomHe ^acTHUbi, TaKHe, HanpHMep, KaK HeinpajiHHO, to 

hx moxho 3aperHCTpwpoBaTb MeTOflaMH (J)H3HKH 3JieMeHTapHbIX na- 

cthu. HecMOTpa Ha to, 4to nacTHijbi B3aHMOfleftcTByioT cjia6o, ohm 
Bce-TaKH OKa3biBaK)T CBoe aencTBHe Ha o6biHHbie qacTHUbi — npoTo- 
hh, HeinpoHbi h ajieicrpoHbi. B3aHMo^ettcTBHe flByx 3JieMeHTapHbix 
qacrau o6bi4HO xapaKTepH3yeTCH ceneHHeM hx pacceaHHH. 

BnepBbie, no-BH^HMOMy, paccenHHe Ha6jnoaaji bcjihkhh aH- 
dihhckhh 4m3hk 3. Pe3ep4)op,a b 3KcnepHMeHTax c ajib(]}a-qacTHua- 
mh (Tenepb mw 3HaeM, mo 3to n#pa rejiHH, wcnycKaeMbie HeKOTopw- 
mh pa^HoaKTHBHbiMH 3JieMeHTaMH) b Hanajie Hamero BeKa. B 3kc- 
nepHMeHTax Pe3ep(J)op,aa ajibcJm-HacTHijbi jieTejiH no npHMOH jihhhh 

BHyrpH nOJIOH CTCKJIHHHOH Tpy6KH, H3 KOTOpOH 6bIJI OTKa^eH B03- 

jiyx. B KOHae 4,5-MeTpoBoft Tpy6KH Haxo^HJiacb MHiueHb — TOHKan 
4>ojibra, caejiaHHan H3 KaKoro-JiH6o oflHopoflHoro xHMHqecKoro 3Jie- 
MCHTa. B Ka^ecTBe mhiuchh Bbi6HpajiHCb aTOMbi hhcthx MeTajuioB — 
ot ajHOMHHHH jio CBHHua. Oh3hkh Ha6jnoaajiH cjie^yiomee hbjichhc 
HacTHUbi JieTejiH no npnMOH jihhhh BnjiOTb ro mhiuchh, BHyrpn 
kotopoh 4T0-T0 nponcxoflHJio. B pe3yjibTaTe 3Toro npouecca ajibcjm- 
nacTHUbi MeHHJiH CBoe HanpaBjieHHe, oTKjioHeHne ot nepBOHanajib- 
Horo HanpaBJieHHH aoxo^hjio jio 2° , a HHoma ^aace Ha6jno,aajiHCb ot- 
ckokh b o6paTHyK) CTopoHy! flpyrHMH cjioBaMH, npoHcxo^Hji o6\ieH 
3HeprHett h HMnyjibCOM Meagjy ajib^a-qacTHueH h aapoM mhiuchh. 

fljiH xapaicrepHCTHKH TaKoro o6MeHa 6biJio BBe,zjeHO noHHrae 
ceqeHHfl pacceaHHH. Hto 3to TaKoe? Oho H3MepaeTCH b eflHHHuax 
njioma^H, cKaaceM, b cm 2 h xapaKTepH3yeT BepoHTHocTb Toro, hto rbq 
3jieMeHTapHbie HacTHUbi npoB3aHMo#eHCTByioT. YMHoacan ceneHHe 
pacceaHHfl nacTHUbi a Ha njioTHOCTb mhiuchh n (KOTOpan b aaHHOM 
cjiynae H3MepaeTca b e^HHHuax — hhcjio qacTHu/cM 3 ) h Ha flJiHHy 
nyrn npoxo^HMoro Hacniueft BHyrpn mhiuchh i, mm nojiynaeM 

OIjeHKy BepOHTHOCTH p flJIH Hee npOB3aHMO#eHCTBOBaTb C KaKHM- 

jih6o wpoM mhuichh: 

p ~ anl. ( 14.2) 

CeneHHe pacceaHHH cjia6oB3aHMOfleHCTByiomeH nacraubi, TaKOH, Ha- 
npHMep, KaK 3JieKTpoHHoro HeiiTpHHO c BemecTBOM (npn 3Hepranx 
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A A ^ 

HeinpHHO nopn^Ka 1 MaB), ecTb a ~ 10" cm . 3HaHHT, jyra Toro 
hto6m HeHTpHHo c BepoHTHocTbio 1 OKa3ajio BJiHHHwe Ha ^eTeKTop, 
oaejiaHHbift M3 o6bi4Horo BemecrBa, Heo6xo,anMO b3htb uenomcy 

aTOMOB ZUIHHOH B 300 FOTK H npOnyCTHTb HCHTpMHO 4epe3 BCe 3TH 

aTOMbi. KoHeHHo, TaKoro KOjiH^ecTBa BemecTBa b HameM pacnopa- 

)KeHHH HeT, HO H HCHTpHHO He 0#H0. FIOTOK HCHTpHHO OT H3BeCTHbIX 
HaM K0CMH4eCKHX o6T>eKTOB £OCTaTOHHO HHTeHCHBHblft, TaK HTO eCJIM 

noaoaqjaTb HeKOTopoe BpeMH, to o#Ha H3 qacTHu o6n3aTejibHO npo- 
B3anMozieHCTByeT c aTOMOM MMiueHM (aeieicropa 3jieMeHTapHbix 4a- 

CTHlj), a (})H3HKH-3KCnepMMeHTaTOpbI 3aperMCTpnpyK)T nOCJie^CTBHH 
TaKOrO B3aHMO^eHCTBHH. 

THnoTeTHHecKHe nacTHUbi, KOTopbie cocraBjiHiOT TeMHoe Beme- 
ctbo Haiueft TajiaKTHKH, HMeioT ce^eHHe paccenHHH Ha nopaaKH 
MeHbiue, HeM y HeinpHHO. FIoaTOMy juin perHCTpaunw TaKHx qa- 

CTHU (j)H3HKH #OJUKHbI Bbl6wpaTb ZjeTeKTOpbl, o6jia#aiOmHe 60JIbIUOH 
MaCCOH, H >K#aTb O^HOrO aKTa B3aHMOfleHCTBHH flOCTaTOHHO ^ojiro. 

Ooth H3 TaKHx ^eTCKTopoB, Ha3BaHwe KOToporo DAMA, pac- 
nojio^ceH BHyrpH ropbi c Ha3BaHHeM TpaH Cacco, pacnojioaceH- 
hoh b MiajiHH. HTajibHHCKwe (j)M3HKM nbiTaioTcn 3apeniCTpwpo- 
BaTb Ha HeM cjia6oB3anM0^eHCTByiomHe nacTwubi (wHor^a hx 30ByT 
BHMITbi). 

^eieKTop COCTOMT M3 100 KT HHCTOrO Nal H JXByX JIHTpOB 

xn^Koro KceHOHa, KOTopbift Hcnojib3yeTCH KaK cuhhuhjijihtop. HyB- 

CTBHTeJIbHbie 3JieMeHTbI 6bIJIH nOKpblTbl 10-CaHTHMeTpOBbIM CJTOeM 

4HCTOM Meaw h 15-caHTHMeTpOBMM cjioeM cBHHua h noMemeHbi 

B AOnOJIHHTeJIbHblH KO^KyX H3 HH3KOaKTHBHOH MQJXH ZUIH 3aiIJHTbI 

ot BHeiiiHMx o6bi4Hbix H3JiyH6HHH. Ibpa MCnOJlb3yeTCH KaK ecTecTBeH- 

HblH flOnOJIHHTeJIbHblH LUMT OT 6bICTpbIX KOCMHHeCKHX 4aCTMU. OpH- 

6op paccMHTaH Ha peracTpauHio cjia6oB3aHMOfleHCTByiomnx nacTHU 
(qbe ceneHHe pacceaHHH MeHbiue hjth nopn^Ka 10~ 42 cm 2 ) c MaccaMH, 
jie>KamMMH b ^wana30He ot HecKOJibKwx TaB^o coTeH TaB. Ochobhoh 
4>H3H4ecKMH MexaHM3M B3aHMO^eftcTBHH — ynpyroe pacceHHHe. 

Jln^ep rpynnw <J)H3hkob Pma BepHa6eH He^aBHO ozjejiajia ceH- 
cauwoHHoe 3aHBjieHwe o tom, hto o6Hapy»ceHbi HeH3BecTHbie na- 
CTHUbi c 4pe3BbmaftHO cjia6biM B3aHMoji,eHCTBHeM a « 7 • 10~ 6 nn- 
Ko6apH (1 nwKo6apH = 10~ 36 cm 2 ) h Maccow m & 60 YsB. Eo;iee 
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Toro, HccJieaoBaiejiM o6Hapy>KiiJiH ce30HHyio Mo^yjiaijHio cHraajia, 
cBH3aHHyio c ^BH>KeHHeM 3eMjiH BOKpyr CojiHija. Otkjihk ^eTeKTo- 
pa no mho™m napaMeTpaM HanoMHHaeT npe#CKa3biBaeMbift curHaji 

OT HCMTpaJIHHO. 

ECJIH HTaJIbHHCKHe 4>H3HKM fleHCTBHTeJIbHO OTKpblJIH HeBH^H- 
MOe BemeCTBO, TO 3TO BaXHO He TOJIbKO AJIfl aCTpOHOMMH M KOC- 

MOJiornn, ho TaioKe m zuih 4>h3mkh, nocKOJibKy 3TO nepBoe CBHfle- 
TejibdBO cymecTBOBaHMa cynepcHMMeTpnHHbix Hacrau, napTHepoB 
Hacrau o6bi4Horo MHpa. 3to Taicsce 6y^eT KOCBeHHbiM noflTBep>*me- 

HMeM Tex CynepCHMMeTpHHHblX TeopHH 06l>eaHHeHHH (|)H3H4eCKHX 
B3aHMO^eftCTBHH, O KOTOpblX CeHHaC TaK MHOrO ITHUiyT $H3HKH. 

HeBH^HMoe BemecTBO otkpmto, oho cymecTByeT, npnpo^a ero 
noKa eme ocTaeTca 3ara#04HOH, ho HecoMHeHHo, 6y#eT pacKpbiTa 
b 6jiMxaHinne HecKOJibKO flecHTHjieraH. Ka>KeTCH y^HBirrejibHbiM, hto 
Haiua BcejieHHaa Ha 90% no Macce coctoht H3 Hen3BecTHoft HaM 

(j)OpMbI MaTepHM. O^HaKO 3TOT BbIBO£, no-BH^HMOMy, Hen36e>KeH. 



TAaBa 1 5 

rpaBMTailHOHHbie AHH3M 



HCTOpHH OTKpblTHH ipaBHTaiJHOHHblX JIHH3 H MX 3(j)(J)eKTOB 

OHeHb noyHMTejibHa. 3to o^hh H3 Tex HeMHorax <J)eHOMeHOB b hcto- 
pHH acTpOHOMHH , KOTopbiMM TeoperaKH Moryr 3acji)OKeHHO ropflHTb- 
ch. H^ea rpaBHTauMOHHOH 4)OKycnpoBKM 6bijia BbicKa3aHa 3a#ojiro 

JXO OTKpblTHH nepBOH JIHH3M. A. 3HHUITeHH, r. A. THXOB, O.XBOJIb- 

coh, O. LJbhkkh — bot HenojiHbift cnwcoK yneHbix, npe#CKa3aBiiiHx 
3to HBJieHHe eme b Hanajie ^Ba^uaToro cTOJieTwa (BCKope nocjie 
co3^aHHH o6meft TeopHH OTHOCHTejibHOcra). YneHbie ouchmjih Be- 

pOHTHOCTb 06Hapy^CMTb HBJieHHe rpaBHTaUHOHHOH JIHH3H JUIK jihh- 

3npoBaHHH Ha 3Be3,aax. 3Ta BepoaraocTb OKa3a^acb 04eHb jsiajia — 
OHa paBHa BepoaTHOc™ C0Bna#eHHH jiHH3HpyeMoro HCTOHHHKa CBeTa 

H JIHH3M — 3Be3^bI BHyipH KpyXKa C yrjIOBbIM pa3MepOM B HeCKOJIbKO 

MHjuiHceKyH^ jiyml Ecjih BcnoMHHTb, hto o6maa njioma^b He6ecHOH 
c(J)epbi codaBjiaeT 40 000 KBa^paTHbix rpa^ycoB, to Jienco oueHHTb 
BepoHTHOCTb cjiynaHHoro coBna^eHHH — 3to hhcjio c 18 HyjiHMH 
nocjie 3anHToft. Run Toro BpeMeHH 3(J)4)eKT OKa3ajiC5i He cjihiiikom 
HHTepecHbiM, ero OTKpbirae «otjio)khjih» ro jiyniiiHX BpeMeH. 

B 1960-x ro^ax BHOBb npo6y»cnaeTC5i HHTepec acTpoHOMOB k bo- 
npocaM, cBH3aHHbiM c rpaBHTauHOHHbiMH jiHH3aMH. 3tot HHTepec 
6biji nposiBJieH acTpoHOMaMH-TeopeTHKaMH. IIotok Teopera^ecKHx 
pa6oT HapacTan. MHorae CBOHCTBa rpaBHTauHOHHbix jihh3 6wjih no- 
HHTbi 3a^ojiro jxo hx otkpmthh. ripe^e Bcero npezuKxaouiH ncicaTb 
34>(|)eKT rpaBHTaUHOHHOH JIHH3W He Ha 3Be3#ax, a Ha rajiaKTHKax. 
Ohh MaccHBHee, pa3Mep «Kpy>KKa», b kotopwh aojmeH nonacTb hc- 
tohhhk CBeTa, 3HaHHTejibHO 6ojibme — HecKOJibKo yrjioBbix cexyH^. 
CaMHx rajiaKTHK Toace 6ojibine, 4eM 3Be3fl — BepoHTHocTb HaHTH 
3(J)(i)eKT yace oueHHBajiacb KaK 0,01. 
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Otkpmjih ace rpaBHTaijHOHHbie jihh3h b 1979 r. J\Ba aHDiHHCKHx 
adpoHOMa J\. Bojiui h P. KapcBejui o6HapyxHJiH ^Ba KBa3apa QSO 
0957 + 561 A,B, HaxoflamMxca Ha yrjioBOM paccToaHHH Bcero ~ 6" 
apyr ot flpyra. TpH 6yKBbi b Ha3BaHHH 03Ha4aiOT KBa3ap, cjieayiomwe 
qeTbipe uH(|)pbi — npHMoe BOCxox,aeHMe a = 9 h 57 m , a tph uH^pw 
nocjie 3HaKa iuiioc — cKJioHeHwe 6 = 56° ; 6yKBbi A h B yKa3biBaK)T 
Ha HajiHHHe Jisyx H3o6paaceHHH. BHanane 3Ty napy KBa3apoB nbrra- 

JIHCb 06bHCHHTb HBJieHMeM flBOHHOIX) KBa3apa. 3T0 flBa pa3JIH4HbIX 

KBa3apa, cB»3aHHbie o6ihhm rpaBHTauHOHHbiM nojieM. TaKMe o6t>- 

eKTbl BO BcejieHHOH He peflKOCTb. floCTaTOHHO CKa3aTb, HTO TOJIbKO 

b Haiuefi TajiaKTHKe cymecTByeT MHoro flBOHHbix 3Be3# — ^Be 3Be3,nbi, 
cBH3aHHbie o6mnM rpaBHTauHOHHbiM nojieM. TaK hto npe^nojioace- 
HHe o ^bohhom KBa3ape 6bijio ecTecTBeHHbiM h... HeBepHbiM. rio- 
apo6Hbifi aHajiH3 noKa3aji, hto 3to npeflnojioaceHwe npoTHBopeHHT 
Ha6^K),aaTe^bHbiM (JmicraM. Tor.ua adpoHOMbi bciiomhhjih o rbjichmh 
rpaBHTauHOHHbix jihh3. Cneicrpbi flByx H3o6pa»ceHHH, hx KpacHbie 

CMemeHHfl 6bUIH COBepmeHHO HfleHTHHHblMH, 4TO H flaJIO OCHOBaHHe 
#JIH rpaBHTaUHOHHO-JIHH30BOH HHTepnpeTaiJHH HBJieHHE. Ilocjie^- 

HHe coMHeHHa adpoHOMOB HCHC3JIH, Koraa OTKpbuiH rajiaicraKy- 
jiHH3y. PaccTOiiHHe Meacny KOMnoHeHTaMH Ah B cociaBjineT 6,1", 
rajiaKTHKa G pacnojioxeHa no^TH BnjioTHyio k o6T>eicry B. 

Ejiaroflapa noApo6HbiM TeopeTHnecKHM pacneTaM yneHbie cMor- 
jih o6biiCHHTb Ha6jno,aaeMbie KBa3apbi npoHBjieHHeM ^chctbh^ rpa- 
BHTaUHOHHOH JIHH3H. Crano ECHO, HTO Ha6jno,aaioTC5i ^Ba H3o6pa- 
xeHHH o^Horo h Toro xe KBa3apa. OTKpbiTHe rajiaKTHKH-jiHH3bi, 
jiexameft Meaqiy 3eMHbiM Ha6jno,aaTejieM h KBa3apoM, oKOHHaTejibHO 
no^TBep^Hjio cziejiaHHyio HHTepnpeTauHK). Ha^ajiocb aKTHBHoe hc- 
cjie^oBaHHe aaHHoro KOCMHHecKoro <J)eHOMeHa, npoflOJixaiomeecH 
no chx nop. 

B nocjie^Hee aecHTHjierae XX Beica 6mjio o6HapyaceHO HBjieHHe 
rpaBHTauHOHHoro jiHH3HpoBaHHH 3Be3,m>i Ha 3Be3#e. B 3tom cjiy^ae 

yrJIOBOe paCCTOHHHe Me^y 3BC3,aOH-JIHH30il H 3Be3flOH-HCTO4HHKOM 

cBeia cocTaBjiaeT nopa^Ka MJuuiHceicyi-mbi flyra! B cb»3h c 3thm 

HBJieHHe 6bIJIO Ha3BaHO MHKpOJIHH3HpOBaHHeM. 

TpaBHTaiJHOHHbie JIHH3M — OflHH H3 caMbix HHTepecHbix ofoeK- 
TOB H3yHeHHH AJIH KOCMOJIOrHH H aCTpOHOMHH B IjejIOM. B KOCMOJIO- 
THH OHM aaK)T B03MO>KHOCTb H3MepflTb CKpblTyK) MaTepHK) Ha CaMblX 
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pa3Hbix MacuiTaGax Mace — ot njiaHeTHbix Mace ro Mace CBepxcKon- 
jieHHM rajiaKTMK. Ohh Moryr 6biTb HHCTpyMeHTOM, noMoraiomHM 
M3ynaTb BHeuiHHe 4ac™ rajiaKTMKH-jiHH3bi, a TaioKe #aioT MH(J)op- 
MauwK) o CKoruieHHflx rajiaKTHK. Ohm Moryr HrpaTb pojib «yBejiH- 
qwTejibHbix jihh3», CKB03b KOTopwe Ha6jiFO#aTejib yBMAHT CTpyKTypy 
ZiajieKoro KBa3apa c 6ojibuiHM ymoBbiM yBejiH4eHHeM. B kocmojio- 
mvL rpaBMTauMOHHbie jihh3m TaioKe jxslk>t B03M0>KH0CTb onpe^ejieHHa 
«cTaHziapTHoro MeTpa» — o^Horo M3 caMbix tohhmx cnocoSoB H3Me- 

peHHH KOCMOJIOrHHeCKMX paCCTOHHHH. 

Cbct ot y^ajieHHoro KBa3apa pacnpocTpaHaeTca b rpaBHTauH- 
ohhom nojie rajiaKTHKn-jiHH3bi, jiexcamefi ot Hac Ha paccTOHHHM co- 

TeH MHJIJIHOHOB CBCTOBblX JieT. 3Ha4HT, eCTb B03MO)KHOCTb H3y4aTb 

rpaBHTauHOHHyio (j)H3HKy Ha bpcmchhom HHTepBane, yaajieHHOM 

Ha COTHH MHJIJIHOHOB JieT, H fleJiaTb BblBOflbl O HCH3MCHHOCTH (HJIH, 

6biTb MoxeT, b 6yaymeM, o cjia6wx BapnauHHx) HbioTOHOBCKOH rpa- 

BHTaUMOHHOH KOHCTaHTbl Ha npOT5DKeHHH THraHTCKHX npOMOKyTKOB 
BpeMCHH. 

OTKpblTHe «3K30TH4eCKHX» rpaBHTaiJHOHHblX JIHH3, TaKHX KaK 

KocMH4ecKHe CTpyHbi hjih H30jiHpoBaHHbie 4epHbie ^bipbi CBepx- 
6ojibiuott Maccw, no3BOJiHT H3ynaTb npe£CKa3biBaeMbie cobpcmchhoh 

(j)H3HKOH 06l>eKTbI C CHJIbHbIM ipaBHTaUHOHHblM nOJieM. 

KaK ycTpoeHbi rpaBHTauHOHHbie ahh3m 

M3BeCTHbI 4eTbipe OCHOBHblX B3aHMO£eHCTBHfl: 3JieKTpOMarHHT- 

Hoe, cjiaGoe, cnjibHoe h rpaBHTaunoHHoe. CaMbiM H3BecTHbiM B3an- 
MO^eHCTBHeM HBjraeTCH ajieKTpoMarHHTHoe, oho Hcnojib3yeTCH flaace 
b 6biTy. 3jieKTpoMarHHTHoe B3aHMO^encTBHe 0TBe4aeT 3a cBH3b Meat- 
fly anpoM h 3JieKTpOHOM b aTOMe, ero nepeH0C4HKH — (J)OTOHbi — 

OTFOT HaM GOJIbUiyK) 4aCTb HH(|)OpMaU,HH O BceJieHHOH. 3t0 B3aHMO- 

^eftcTBHe o6ecne4HBaeT chjim ynpyrocTH b TBep^bix Tejiax h chjim 

TpeHHH, CBH3b OTfleJIbHblX aTOMOB B MOJieKyjiaX H CBH3b OTfleJIbHblX 

MOjieKyji b BemecTBe. 

3jieKTpH4ecKoe B3aHMo#eHCTBHe ocymecTBjiHeTca TOJibKO Mex- 
jxy 3JieKTpH4ecKH 3apn>KCHHbiMH TejiaMH, Meacay HeirrpajibHbiMH Te- 
jiaMH oho OTcyrcTByeT. Cjia6oe B3aHMO^ettcTBHe 3<j)(J)eKTHBHO Ha- 

4HHaeT ACHCTBOBaTb Ha CBepXMajIblX paCCTOHHHHX. CHJIbHOe B3aH- 
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MOfleifcTBue 0Ka3biBaeT BJiHHHHe Ha CTa6mibHOCTb aaep, CBH3biBaeT 
Me^cny co6oft npoTOHbi h HeinpoHbi b Rape, ho He aeHCTByeT, 
HanpHMep, Ha 3JieKTpoHbi. 

OCO6HHKOM B 3TOM CnHCKe 4>H3H4eCKMX B3aHMOfleHCTBHH CTOHT 

neTBepToe — rpaBHTaunoHHoe B3aHMOfleftcTBHe. Oho yHHBepcanb- 

HO. Bee HaCTHLJbl, He3aBHCHMO OT HX CBOHCTB, O^HHaKOBblM 06pa30M 

ycKopjiioTca rpaBHTaunoHHbiM nojieM. 3to cbohctbo rpaBHTauHH 
Haiujio cBoe oTpaaceHHe b npHHunne 3KBHBajieHTHocra — 4>yH^a- 
MeHTajibHOM npwHUHne o6meft Teopnn oraocHTejibHOCTH, kotophh 
rjiacwT, 4TO b rpaBHTauHOHHOM nojie Bee Tejia ycKopaioTCH o^HHa- 
kobo He3aBHCHM0 ot cocTaBa. Pa.aHyc ero fleftcTBHH 6ecKOHe4eH, 
oho aewcTByeT b jia6opaTopHbix MaciiiTa6ax, b Macurra6ax Haiueft 
cojiHeHHOH cwcTeMbi h ^aace b MaciiiTa6ax Been BcejieHHOH. 

M0)KH0 CKa3aTb, 4T0 HCKyCCTBeHHblH CnyTHHK 3eMJIH, 3JieK- 

tpoh h (J)otoh npHTHrHBaioTca 3eMjiett c o^HHaKOBbiM ycKopeHHeM, 

paBHbIM 9,8 M/C 2 . IlpHTarHBaFOTCH OHH OflHHaKOBO, HO OTHraFOTCH 

no pa3HOMy. OopMa kphboh, no KOTopoft #BH)KeTCH Ka^aoe Tejio, 
3aBHCHT ot BejiHHHHbi h HanpaRJieHHfl ero HanajibHon ckopocth. 
CnyTHHK MoaceT nepeMemaTbcn no 3JuiHncy Boicpyr 3eMJiH, a MoaceT 
h no ranep6ojMHecKOH TpaeicropHH. fljra 3Toro eMy Heo6xoflHMO 
coo6mHTb cKopocTb ~ 11 km/c. ,U,jih Tejia, npojieTaiomero mhmo 
3eMjiH, TpaeKTOpHH 6y^eT TeM 6jiH>Ke k npaMoft jihhhh, hqm 6ojibine 
ero CKopocTb. CaMan Gojibiiiaa b npnpoae CKopocTb y cBeTa. rio3TOMy 
(J)OTOHbi ^BH^cyTca no4TH no npaMOH JIHHHH. 

«no4TH» 03Ha4aeT, 4to TpaeKTopHH Bce-TaKH He npHMaa. OHa 
HeMHoro HCKpnBjieHa. Ecjih npoBecTH #Be KacaTejibHbie jihhhh 
k TaKoft TpaeKTopHH, npH4eM o#Ha H3 KacaTejibHbix pacnojioxe- 
Ha ro npHTarHBaiomero Tejia, a BTopan — nocjie, to ohh 6yijyT 
nepeceKaTbCH no,a HeKOTopwM yrjioM. 3tot yroji 04eHb Maji. 

HcKpHBjieHHe TpaeicropHH 4>OTOHa b6jih3h npHTHrHBaiomeft 
Maccbi 6hjio npeacKa3aH0 A. SHHurreHHOM, a otkphto A. 3/mHHr- 

TOHOM BO BpeMH OflHOK) H3 nOJIHWX COJIHe4HbIX 3aTMeHHH. 3(|)(|)eKT 

HeBejiHK — Jiy4 CBeTa ot aajieKOH 3Be3flbi, npoxo^a mhmo cojme4- 
Horo JiHM6a, OTKJioHHeTca Bcero Ha 1,75". A. 3othhitoh H3MepHJi 
nojioxeHHa 3Be3^ b6jih3h cojiHe4Horo flHCKa bo BpeMa 3aTMeHH» 

(BHe 3aTMeHHH 3Be3^bI pa^OM C CoJIHUeM He BHflHbl) H CpaBHHJI HX 
C HCTHHHblMH nOJIOXeHHflMH, H3MepeHHbIMH H04bK) B flpyroe BpeMH 
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ro^a, Kor^a rpaBHTaijHOHHoe nojie CojiHua He ncKaacaeT TpaeKTopnio 
mx jiyneft. H3 3Toro cpaBHeHHH oh nojiynnji Bejin^niHy 3(j)(|)eKTa, ko- 
Topaa OKa3ajiacb b xopoiueM corjiacnn c BejiHHHHofl, npeACKa3aHHOH 
A. 3flHinTeHH0M. 

J\bb, Jiyna CBeTa, npoineAiiine no pa3Hbie dopoHbi 3Be3flbi n ot- 
KJiOHeHHbie ot npaivtoro nym, aojukhm nepece^bca (cm. pnc. 15.1). 
Ha6jnoAaTejib, HaxoOTmnftca b T04Ke nepeceneHHa, yBH^HT #Ba H3o- 
6pa>KeHna ootoh h toh xe ziajieKOH 3Be3^bi. 3to, no cymedBy, 

M eCTb 3(|)4)eKT ipaBHTaUHOHHOH JIHH3bI. 




Pmc. 15.1. 3Aecb M3o6pa- 
xeH xoa Aynen b rpaBma- 

O UMOHHOkl AMH3C 



PaccMOTpHM HBjieHne rpaBHTaunoHHOM jihh3h, KaK ero BH- 
aeji 6w HaGjno^aTejib, nMeioujHH TejiecKon c bhcokoh pa3peuiaiomeii 
CMJion. B KaqecTBe jihh3m mm paccMOTpnM He6ecHoe Tejio D, o6jia- 
flaiomee cc^epuqecKOH cHMMeTpnen. TpaBHTauMOHHoe nojie TaKoro 
Tejia TaioKe o6jia#aeT c(J)epnHecKOH cHMMeTpneii. 

H3o6paxeHHe flajieicoft 3Be3flbi S b nojie Tejia D npeBparaT- 
ch b ^Ba «jiyHHbix cepna», 3epKajibHO OTpaaceHHbix jipyr ot apyra 
(pnc. 15.2). IlpaB^a, pa3Mepw w apKocrb M3o6pa>KeHMH 6yflyr pa3Hbi- 
mh, ho cyMMapHbift 6jiecK Bceraa Gojibme 6jiecKa HejiHH3npoBaHHoro 

HCTOHHMKa S. 

Ilpn Ha6jnoAeHHH BHerajiaKranecKHX jimh3, Koma b KaqecTBe 
jiMH3bi BbicTynaeT KaKaa-jinGo rajiaKTHKa, yrjioBoe paccTOHHue Meat- 
fly pa3JiH4HbiMM H3o6pa^ceHMHMn codaBjiaeT npnMepHO ojxny ce- 
KyH^y jxym. Flpn Ha6jnofleHHH MHKpojiHH3HpoBaHHfl yrjioBoe pac- 
cToaHHe cocTaBjraeT Bcero o^Hy MmuinceicyHfly jxym. HaGjno^aTb 
b onranecKOM ,anana30He RBa H3o6pa^ceHMfl, pa3#ejieHHbie paccToa- 
HneM b ojwy ceKyH^y flyra, xoth h Tpyzmo, ho mo^kho. IIo3TOMy BHe- 
rajiaKTuqecKne jihh3m nccjieayioT, H3ynaH CTpyioypy H3o6pa^ceHnn. 



KaK ycTpoeHbi rpaBwauwoHHbie AMH3W 



HaG/noaaTb b onrnHecKOM rjna- 
na30He ^Ba M3o6paxeHH5i, pa3- 
^ejieHHbie yrjioBHM paccTOHHM- 
eM nopa^Ka MHJiJiHceKyHflbi jiy- 
ra, c 3eMjiH HeB03MO>KHo. Ojx- 
HaKO, 3,aecb npwxoOTT Ha no- 
Momb nepeMeHHOCTb b 34>4)eKTe 

JIHH3MpOBaHHH. HCTOHHHK CBe- 

T3.Sn jiHH3a D o6jia,aaK)T B3a- 
hmhwm ^BHxeHHeM. ToHHee Bee 
He6ecHbie hctohhmkh flBnacyrcH 
no He6y. JIhh3m He hbjihiotch 
HCKjHoneHHeM. TojibKo b cjiy- 
nae BHerajiaKTHHecKHX o6T>eKTOB 
ABHaceHHe no He6ecHon c<J)e- 
pe oneHb Me^jieHHoe — nun 
Toro, 4to6h rajiaKTHKa «npo- 
iujia» paccTOHHHe b ceKynay Jiy- 
ra, Tpe6yiOTCfl cothh tmchh jieT. 
B cjiynae jiHH3HpoBaHHH 3Be3,abi 
Ha 3Be3,ae 3to ^BHaceHHe ropa3- 
jxo 6biCTpee — 3Be3,abi Smote 
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Pmc. 15.2* M3o6pa>KeHne 3<tx)>eKTa rpa- 

BMTaUMOHHOM AMH3bl B KapTMHHOM (nep- 

neHAMKyAJipHoPi Ayny 3peHMfl) rwxKOCTH. 
llyHKTkipoM noKa3aH pa3Mep KOHyca 3mh- 
iUT6MHa, onncaHHoro BOKpyr TeAa D . Ecam 
mctohhmk CBeTa S nonaAaeT BHyrpb 3to- 
ro Kpyra — nosBAaeTcsi 3<txj>eKT rpaBura- 

UMOHHOM AMH3bl. Ha pMCyHKC MCTMHHOe 

noAOxeHMe MCTOHHMKa CBeTa 5* — BHyrpM 
KOHyca 3MHiuTeMHa, b pe3yAbTaTe nero oh 
Aaer Asa M3o6paxeHMfl: J\ — ocHOBHoe 
Msc^paxeHkie, KOTopoe HaxoAMTca BHe 
KOHyca, m J2 — BTopMHHoe M3o6pa>Ke- 
Hne ; KOTopoe HaxoAMTca BHyrpM KOHyca 



k HaM, yrjioBaa CKopocTb abh- 

xeHHfl 6ojibine! 3to jienco ce6e npeacTaBHTb, Ha6jnoflaH npoe3acaio- 
ujhh aBTOMo6mib Ha <J)OHe aajieKoro caMOJieTa. ABTOMo6wjib Gjinace, 
nosTOMy oh npoxoflHT 6ojibinee yrjioBoe paccTOHHne 3a to ace BpeMfl. 
CaMOJieT aajibiue, no3TOMy KaaceTca, hto oh ^BHxeTca Me^JieHHee. 
BpeMa nepeivieHHOCTH b cjiynae MHKpojiHH3HpOBaHHH cociaBJiaeT no- 

pflflKa MeCflUa, HeCKOJIbKHX MeCflUeB. Il03T0My MHKpOJIMH3HpOBaHHe 

HccjieayioT no H3MeHeHHK) 6jiecKa jiHH3HpyeMoft 3Be3flbi S . 

HTo6bi noHHTb, KaK 3to aejiaeTCH, paccMOTpwM flBHaceHHe hc- 
TOHHHKa S Ha (J)OHe jiHH3bi D (pnc. 15.3). 

JXsa H3o6pa)KeHHH B03HHKai0T jiHiiib b cjiynae C(J)epH4eCKH CHM- 
MeTpHHHOH ipaBHTaUHOHHOH JIHH3bI. TpaBHTauHOHHwe nojia MHO- 

thx KOCMHHecKHX o6i>eKTOB (HanpHMep, rajiaKTMK) He o6jiaaaiOT 
c4>epH4ecKoft CHMMeTpHeft. B TaKHx cjiynaax B03HHKaeT HeneTHoe 

K0JIH4eCTB0 H306paxeHMH OflHOrO 06l>eKTa C pa3HbIMH 3Be3^HbIMH 
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Pmc. 15.3. CxeMa abhxchmji mctohhmk3 CBeia w ero M3o6paxeHMM b KapTMHHOM 
nAOCKOCTM rpaBMTaqMOHHOM AMH3W D . KoHyc BkiHiUTePiHa BHOBb noKa3aH nyHKTMpOM. 
McTMHHoe ABM)KeHne MCTOHHMKa S M3o6pa>KeHO cnAOUJHOki AMHMeM, a HanpaBAeHkifl 

ABMXeHMfl CTpeAKOkl. ABMXeHMe M306pa>KeHMfl J\ npOMCXOAMT BH6 KOHyca 3mh- 

LUTeMHa - oho noKa3aHo nyHKTkipHOki amhmcm, a HanpaBAeHMe abm>k6hm5i coBnaAaeT 
c MCTMHHbiM HanpaBAeHMeM ABuxeHMJi MCTOHHMKa S. ABMxeHMe BTopMHHoro M3o6pa- 
*eHM9 Ji npoTMBonoAOXHO no HanpaBACHMio mctmhhomy m npoMcxoAMT no 3aMKHyroM 

TpaeKTOpMM B6AM3M rpaBMTaUMOHHOM AMH3bl D BHyrpM KOHyca 3MHLUT6MHa 
BeJIHHHHaMH. YCHJieHHe (HJIH OCJia6jieHMe) H3JiyHeHHH HCTOHHHKa — 

eme ormh BaacHbiii agbgbeKT rpaBHTauHOHHoro jiHH3HpoBaHna. 

HeCKOAbKO npHMepOB rpaBHTaUHOHHblX AHH3 

BnepBbie agbgbeKT rpaBHTauH- 

OHHOM JIHH3M 6bIJI OTKpbIT Ha BHe- 

rajiaKTHHecKHx o6T>eicrax. IlepBaH 
h Tenepb caMaH xopomo nccjie- 
^OBaHHaa jiMH3a — QSO 0957 + 
561 A,B (pmc. 15.4). 3a ^BaauaTb 

Jld CO BpeMeHM OTKpblTHH o6T>eKTa 

QSO 0957 + 561 A,B 6buio oncpbi- 

TO MHOrO HOBblX rpaBHTaUHOHHblX 

jihh3. CeftHac o6mee hmcjio KaH- 

flHflaTOB Ha HX pOJIb npM6jIH3MJIOCb 

k 50 h nocTOHHHO padeT. Han6o- 
jiee flocTOBepHo H3BecTHbi 24 jihh- 
3bi. YrjioBbie paccTOHHua Meacay 

KOMnOHeHTaMH B pa3HbIX JIHH3aX 
MeHHIOTCH H COCTaBJIHIOT OT 0,77" 




Pmc. 15.4. Ha pMcyHKe noKa3aHO no- 

AO>K6HM6 M306pa>K6HMM A M B B nep- 
BOM rpaBMTaUMOHHOM AMH36 QSO 

0957 + 561 A,B; 6yKBOM G noMeneHa 
raAaKTMKa-AMH3a 
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TO 6" , ho cymecTByiOT o6i>eKTbi c paccroH h mh m h b acchtkh yrjio- 

BblX CeKyHfl. OHH B03HHKaK)T, KOrfla pOJIb ipaBHTaUHOHHOH JIHH3W 

HrpaeT cKonjieHne rajiaKTHK. 

PaccicaaceM o caMbix HHTepecHbix rpaBHTauwoHHbix jiHH3ax 
m o (j>aKTax, o6Hapy^ceHHbix npn mx H3yneHHH. 

B oGteicre QSO 0957 + 561 A,B aeiajibHO KapTorpacimpoBaHa 
CTpyicrypa jihh3h h HccjicaoBaHo H3JiyneHHe KBa3apa npaicraHec- 
kh bo BceM ,aMana30He ot pa,aMOH3JiyHeHMa ,ao onTMKM. fljiHTejib- 
Hbie M3MepeHM« ero 6jiecKa iio3bojihjih onpeaejiHTb nocTOHHHyio 
Xa66jia hobwm cnoco6oM. M3 pnc. 15.1, noacHfliomero whctbha 
rpaBHTauMOHHoii jihh3m, bhaho, hto onTH4ecKne nyra, 4>opMM- 
pyiomne flBa H3o6pa>KeHHH, pa3JiMHHbi. 3Ha4HT, cBd no pa3HbIM 
nyraM 6yaeT hath pa3Hoe BpeMH. IIo3TOMy, ecjin b KBa3ape npo- 
M3ow^eT BcnwuiKa, OHa aocrarHeT Ha6jiio,aaTejiH cHanajia no KpaT- 
HaMiueMy nym, a 3aieM no 6ojiee .zyiHHHOMy, t. e. noBTOpMTCH 
bo BTopoM H3o6pa>KeHMM (b yrjioBOH Mepe 6ojiee 6jim3kom k ra- 
jiaKTMKe-jiMH3e). M3MepnB pa3HOCTb momchtob npnxofla cnmajia, 
mo>kho onpcaejiMTb pa3H0db onranecKHx nyreH, hto b coBOKyn- 
hoctm c M3BecTHbiM yrjiOBbiM paccroaHneM Meacay M3o6paxeHM- 
9MH no3BOJiHeT H3MepnTb paccroHHHe no KBa3apa H raJiaKTMKM- 

JIHH3M. CpaBHHBaH 3TO paCCTOHHHe C KpaCHbIM cMemeHneM o6i>- 

eicroB, moxho BbiHncjiMTb nocTOHH Hy K) Xa66jia. HecKOJibKo rpynn 
yneHbix, BKjnonaH rpynny acipoHOMOB M3 CneunajibHOH acTpocJw- 
3H4ecicoH o6cepBaTopMM Ha CeBepHOM KaBKa3e, H3Mepjum 6jiecK 
KByx KOMnoHCHTOB A h B b TeHeHne npn6jiM3HTejibHO 10 jieT. 
CaMbie nocjieflHHe ouchkh nocTOHHHOH Xa66jia Ha ocHOBaHMH 

3THX Ha6jl HORG H H H flaiOT B03MOXCHOCTb nOHM3HTb BepXHHH npeflCJI 

ee 3Ha4eHHH ao 70 KM/c/MnK. 3Ta T04H0CTb cpaBHHMa c tohho- 

CTbK) flpyrMX MeTOflOB, HO B OTJIH4HC OT Tpa^HUHOHHblX MeTOflOB 

BHerajiaKTH4ecK0H acTpoHOMH m , He o6jiaaaeT cHCTeMaTH4ecKHMH 
norpeuiHOCTHMM. 

flpyron 3aMe4aTejibHbiH o6i>eKT — QSO 2237 + 030, hocht 
Ha3BaHne «Kped 3HHuiTeftHa» (pnc. 15.5). 3to KBa3ap c KpacHbiM 
CMemeHHeM z = 1,7. flnpo o6jia,ziaeT KBaapynojibHbiM pacnpeaejie- 
hhcm njioTHOCTH, h b pe3yjibTaTe o6pa3yiOTCH neTbipe H3o6paaceHHH, 
pacnojioxeHHbie KpecTOM. 
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fAaBa 1 5. rpaBHTauMOHHbie AMH3bi 




Pmc. 1 5.5. Ha pucyHKe noKa3aHO Pmc. 15.6. «KoAbuo 3kiHLUTekiHa», 
noAO>KeHMe M3o6pa>KeHMM b amh3c KaK ero bma^t paAnoacipoHOMbi. 
«KpecT 3kiHLUTePma» Cepnw AByx M3o6pa>KeHMki CAMBa- 

KDTCfl Apyr c APyroM, o6pa3yfl zw 

HblM o6"beKT 



B TaKOM o6T>eiere, fiommmo M3MepeHMH fioctohhhoh Xa66jia, 

MO^KHO nonblTaTBCH HaHTH M 3(J)(J)eKT MHKpOJlHH3HpOBaHHH. Oh B03- 

HHKaeT, Kor,aa jiyn «KBa3ap— 3eMjiH» nepeceKaeica o^hoh H3 3Be3A 
rajiaKTHKM-jiwH3bi. B pe3yjibTaie o6pa3yeica ao6aB04Hoe pacmeruie- 
HHe jiyna, noaBjieHHe £o6aB04Hbix H3o6pa>KeHMH m M3MeHeHMe mx 
cyMMapHoro 6jiecKa. CaMO pacmeruieHHe jiyna m B03HMKHOBeHHe 

^06aB04HbIX M306pa>KeHMH COCTaBJIHCT HeCKOJIbKO ^eCHTKOB MMKpO- 

CQKynjx jxym m He MOxceT 6biTb M3MepeHO coBpeMeHHbiMH Meio^aMH. 
O^HaKo, M3MeHeHMe 6jiecKa cocTaBJiaeT aecaTbie rojih 3Be3^HOH 

BeJIMHMHbl, 4T0 BnOJIHe WCTynHO M3MepeHM5IM. 

TpeTMH 06-beKT, 3aCJiy>KHBaK)mHH BHHMaHMH, — MG 1131 + 04 

(«KOJibuo 3MHiuTeHHa») — oTKpbiT b pa,ano£Hana30He npn Ha6jno- 
^eHMHx Ha VLA (pnc. 15.6). Ha qacTOTe 5 ITu oh BbirjiH^HT KaK 
HecKOJibKO pacTHHyToe KOJibuo, a Ha 15 ITu (J)opMa ero CTaHOBHTCH 
cepnoBH^HOH, npH4eM o6a KOHua cepna nomH CMbiKaiOTca. B Ka- 
kom cjiy^ae MoaceT B03HMKHyTb TaKoe H3o6pa>KeHHe! *IeM GjiHace 
3Be3Aa-HCTOHHMK k jiHH3e, TeM 6jiH>Ke KOHUbi o6ohx «cepnoB» ,apyr 
k apyry. B tom cjryqae, Kor^a hctohhhk h jinH3a HaxoflHTca Ha or- 
hoh npflMOH, B03HHKaeT KOJibueo6pa3Haa dpyKTypa. AnajiH3HpyH 
H3o6pa>KeHHe 3Toro o6i>eKTa b pa3Hbix qacTnx cneicrpa, BKJH04an 
onTH4ecKyio 4acTb, moxho aejiaTb BbiBO^bi o cpaBHHTejibHbix pa3- 
Mepax o6jiacTeH HCT04HHKa, H3Jiy4aiomHX b pa^no- h onTH4ecKOM 



HeCKOAbKO npMMepOB rpaBMTaUMOHHblX AMH3 
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Awana30Hax. IIojiyHaeTCH hchto, noxoxcee Ha niraHTCKHH «koc- 
MH4ecKHH TejiecKon», kotophh no3BOJiaeT paccMaTpHBaTb aajieKHe 
KBa3apw c 6ojibiiiHM jiHHeHHWM yBejiHHeHHeM. Ceftnac otkpmtm 
no KpaHHett Mepe Tpn rana «mjibua 3HHiirreHHa» (jibb, — Ha ceBep- 
hom He6e, ooth — Ha kwkhom). 

CjieayiomHM b HaiueM cnHcice Heo6bi4Hbix o6i>eKTOB ctoht 
OTMeTHTb oco6o 3K30THHecKHH cjiynaii — nojie abohhmx rajiaKTHK. 
JI. Kobh c coaBTopaMH oTKpbuiH ero b o6jiacTH He6a c Koop^HHaTaMH 
a = 02 49 m h 6 = -18°. B otjihhhc ot apyrnx ynacTKOB He6ec- 
hoh c(J)epbi, r^e rajiaicraKH, b o6meM, Toace He pe^KocTb, Ha 3tom 
ynacTKe rajiaKTHKH pacnojiaraiOTca napaMH. Ha mioma^Ke pa3Me- 
paMH 45" x 45" yneHbie HauuiH naTb nap rajiaKTHK, o6jia#aiomHX 
oflHHaKOBbiMH cBottcTBaMH. TaKyio KapTHHy MoxeT aaTb rpaBMTa- 
UHOHHaa jiMH3a, Ha3biBaeMan kocmhhcckoh crpyHOH. KocMHHecKHe 
CTpyHbi — 3K30THHecKne o6T>eKTbi, npe,acKa3aHHbie 4>H3HKaMH. Ohh, 
ecjiH TOJibKO cymecTByioT, npe,acTaBJiHK)T co6oh ocraTKH Bojibuioro 
B3pbiBa. JIwHeiiHaH njiOTHOdb CTpyHbi TaKOBa, mo Ha OTpe3Ke b He- 
CKOJibKO aecHTKOB KHJionapceK coflepatHTCH Macca, pasnan Macce 
uejiofl rajiaKTHKH. Ilpn 3tom nonepe^Hbie pa3Mepw CTpyHbi 3HaHH- 
TejibHO MeHbine pa3MepoB aTOMHoro 5mpa. 

Ecjih b aaHHOM cjiynae aeftcTBHTejibHo HaGjnoflaeTcn kocmhhc- 
CKan dpyHa, to acTpoHOMbi nojiynaioT B03MoacHocTb HCCJieaoBaTb 
cocTOHHHe MaTepHH npw SHepraax, 6jih3khx k 10 16 TsB, t. e. npn 
3HeprHHx, Ha 12 nop*mKOB 6ojibine, hqm y caMbix MomHbix ycKopHTe- 
jieft. Koma cbct ot aajieKott rajiaKTHKH npoxo^HT mhmo ckoiuichhh 
rajiaKTHK, Ha6jnoflaK)TCfl o6i>eKTbi, noxoacne Ha CBeramHeca flyrn. 

IlpH 3TOM B03HHKaeT OflHH HJIH HeCKOJIbKO «CepnOB» — WCK20KGH- 

Hbix H3o6paxeHHH HCTHHHoro HCTOHHHKa. npOflOJibHbie pa3Mepw 
HeKOTopwx ayr flocTHraiOT 26" . C hx noMombio acTpoHOMbi H3ynaioT 
pacnpeaejieHHe tcmhoh MaTepHH BHyrpn CKonjieHHH cBeramerocH 
BemecTBa b jiHH3HpyeMOM o6T>eicre h MHoroe apyroe. 

UraK, Ha HauiHX rjia3ax poagjaeTca HOBan o6jiacTb HCCJieaoBa- 

HHH, KOTOpyK) M02CH0 6bIJIO 6bl yCJIOBHO Ha3BaTb «rpaBHTaUHOHHO- 

onTHHecKaH acTpoHOMHH». HoBoe noKOJieHHe onTH^ecKHX, pa^no- 
h peHTreHOBCKHx TejiecKonoB, o6jia,zjaiomHx 6ojibinoH *iy bctb HTe ji b - 

HOCTbK) H 60JIbUIHM yrjIOBbIM pa3peUieHHeM, n03BOJIHT b AaJibHen- 

iueM nojiynaTb eme 6ojiee yzmBHTejibHbie pe3yjibTaTbi. 



TAaBa 1 6 

4TO OTKpblAM aCTpOHOMbl? 



3Ta rjiaBa abjihctch csmoh kopotkom He noTOMy, hto Henero CKa3aTb, 
a noTOMy, hto npe^Md o6cy»meHHfl HeaceH eme caMMM acipoHOMaM h koc- 
MOJioraM. TeM He MeHee BBH^y BaacHocra otkpwthh h BbmejiHJi o6cy»caeHHe 
3Toro npe^Meia b oxaejibHyio rjiaBy. UraK, hto ace otkpmjih acTpoHOMbi? 

YcKopeHHoc pacLunpcHhe Bccachhoh 

Mw yace ynoMHHajiM 06 otkpmthh ycKopeHHoro pacinnpeHHa 
Hameft BcejieHHoft. 3to bo3mo>kho JiHiiib b tom cjiynae, Kor^a 

yCKOpeHHe BO BTOpOM (^pHtfMaHOBCKOM ypaBHeHHH A > 0 (cm. 4.7). 

YcKopeHHoe pacmnpeHHe b KocMOJiorHHecKoft MO^ejiH Opna- 
MaHa Tpe6oBajio HajiHHun nojioacMTejibHoro A-HJieHa, kotopmh 6biji 
BnepBbie BBe^eH b ypaBHeHHH o6mefl Teopnn oTHocHTejibHOCTH eme 

CaMHM A. 3HHIHTeHH0M. Il03Xe 3ftHIHTeHH COXaJieJI 06 H3MeHeHH- 

hx ypaBHeHHH OTO (cm. [2]), Ha3biBaa BBe^eHHe A-HJieHa «caMOH 
6ojibiHOH ouih6koh xh3hh». B Hanajie Beica A Ka3ajiacb hoboh 
4>yH4aMeHTajibH0H nocTOHHHOH. ripHHHHbi noHBJieHHH 3T0H 4>yH,aa- 
MeHTajibHOH nocTOHHHOH 6buiH 3ara#OHHbi. 

O^HaKo, nocjie co3flaHHH KBaHTOBoft TeopwH nojra (|)H3hkh 
HanajiH o6c>oK^aTb B03MoxHyio npnpo^y KocMOjionmecKOH nocTO- 
hhhoh. B KBaHTOBOH (J)H3HKe BaKyyM CTaji o6jia,aaTb HeTpHBHajib- 
hwmh CBOHCTBaMH. B hcm cymecTBOBajiH BHpTyajibHbie npoueccbi. 
OKa3ajiocb, hto BaKyyM rojvkgh o6jia^aTb onpe^ejieHHOH njiOTHO- 
ctbio. 91. B. 3ejib#OBHH b 1967 r. noKa3aji, hto BaKyyM 3KBHBajieHTeH 

MaTepHH c onpe,aejieHHOH njioTHOCTbK) p yac h cBepxcnjibHbiM otph- 

2 

uaTejibHbiM flaBJieHHeM p = —p wac c . 



VtKopeHHoe pacLUkipeHne BceAeHHOM 
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Ha#o 3aMeraTb, <ito o hjiothocth 3HeprHH BaicyyMa nncaji 
eme P. OeftHMaH. Kaamoe KBaHTOBoe nojie (HanpwMep, 3Jieicrpo- 
MaranTHoe) o6jia#aeT HyjieBbiMH KOJie6aHHHMH Ha Ka^oft Mo^e 
(cm. rjiaBy6): 



B 3tom ypaBHeHMH npoBO^HTca cyMMHpoBaHMe no BceM Mo^aM ko- 
jieGaHHH. IlocKOjibKy nacTOTbi bojihw Moryr MeHHTbca ot 0 jio oo, 
to cyMMa HBjraeTCH 6ecKOHe4HOH bcjikhmhom. Bojiee Toro, b Ka- 

3 E 

kjxom Ky6HKe KOHe4Horo o6i>eMa L njiOTHOCTb 3HeprHH p wac = 

HBJiaeTCH 6eCKOHe4HOH BeJIHHHHOH. 

BblHHCJieHHK) KBaHTOBblX 34>(J)eKTOB HaJIHHHe 6eCKOHe4HOH 

njiOTHOCTH 3Hepran He Meiuajio, xoth bo mhooix 3KcnepHMeHTax 
KBaHTOBoft (J)H3hkh HajiHHHe BaKyyMa BHpTyaJIbHblX qacraij npHBO- 

flHJIO K 3Ha4HMbIM H3MeHCHHHM (j)H3H4eCKHX napaMeTpOB. OH3H- 

kh 4yBCTB0Bann ce6a BecbMa kom(J)optho, 3HaH npo 6eCKOHe4HyK) 
miOTHOCTb BaKyyMa, xoth HeKOTopbie H3 hhx h omymajin cjia- 
6oe 6ecnoKoftcTBO. Rim Toro, htoGh H36aBHTbCH ot 6ecKOHe4Hoc™, 
4>h3hkh npHBOflHJiH cjie^yiomHe apryMeHTbi: kohchho, b 6yaymeft Te- 
opHH noaBHTCH TaK Ha3biBaeMa» 3HeprHH o6pe3aHHH, KOTopaa 6yaeT 

XapaKTepH30BaTbCH MaKCHMaJIbHbIM HMnyjIbCOM H MaKCHMaJIbHbIM 
BOJIHOBbIM 4HCJI0M p = hk, TOr^a IIJIOTHOCTb 3HeprHH CTaHeT xora 

H 60JIbIU0H /9 vac = hjfal, HO KOHeHHOH. Y^Ke B Hauie BpeMH <J)H3HKH 

M3o6peTaioT peuenTbi, no3BOjraiomHe H36aBHTbcn ot 6ecKOHe4Hott 
njiOTHOCTH BaKyyMa, ho noKa 3TO He nojiynaeTca. 

^jih Hac caMoe rjiaBHoe b 3toh hctophh HccjieaoBaHHH A-qjieHa 

ABJIHeTCH TO, 4T0 <j)H3HKH HaHaJIH HCCJieflOBaTb MexaHH3MbI TaK Ha3bl- 

BaeMOft flHHaMHHecKoii reHepauHH A-qjieHa. B hoboh (J)H3H4ecKOH 

TeopHH A MO)KeT He HBJIHTbCH HOBOH C^yHflaMeHTaJIbHOH nOCTOflH- 

hoh. OHa Mo^ceT B03HHKHyTb b Hauieft BcejieHHoft b pe3yjibTaTe 

fleftCTBHH HeKOTOpblX (j)H3H4eCKHX npOIjeCCOB, 3aTeM CTaTb paBHOH 

Hyjiio (hjih OHeHb He6ojibiuoH no BejiH4HHe). 

Ilocjie C03,aaHHH TeopHH CKajrapHoro nojia Ha^ajiHCb Hccjieao- 
BaHHH MexaHH3MOB reHepauHH A-HJieHa. Oco6eHHo hhtchchbho ohh 
npoBO^HTCH nocjie otkpmthh ycKopeHHoro pacuiHpeHHH BcejieHHoft. 
Heftji TiopoK H3 KeM6pH,a^cKoro yHHBepcHTeTa npe,iyio>KHji Mexa- 
hh3m reHepauHH, ocHOBaHHbin Ha CKajinpHOM nojie, KOTopoe co3,aaeT 




(16.1) 
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nepeMeHHbift BaKyyM b coBpeMeHHOH HaM BcejieHHoft. B. A. Py6a- 
kob h A. A. CTapo6HHCKHft npe^jioacHjiH HOBbie MexaHM3Mbi reHepa- 
Uhh A-qjieHa b BH^e CKanapHoro nojra hjih jxsyx CKanapHbix nojieft. 
HiajibHHCKHe (J)H3hkh K. Py6aHO h Ft. CKy^ejuiapo npe#Jio)KHJiH #e- 
TajibHyio MO^ejib CKajrapHoro nojia, KOTopoe reHepwpyeT ycKopeHHoe 
pacuiHpeHne Hauieft BcejieHHott, a Taoce cpaBHHjiw 3Ty Mo^ejib c Ha- 
6jiio,zjeHHHMH. 3Ta Mo^ejib npeKpacHO corjiacyeTca c HaSjnoaeHHHMH. 
Ho KaK moscho npoBepHTb ee HenocpeacTBeHHO? KocMOJiora ceftqac 
ayMaiOT Haa 3toh npo6jieMOH... 

Uraic, HOBan 4>yHflaMeHTajibHaH nocTOHHHaa hjih hobwh bh# 
MaTepHM? 

KaK BH^HO H3 ypaBHeHHH (4.7), nOJIO)KMTeJIbHOCTb ycKopeHMH A 

B03M0>KHa jiHinb b cjiynae p + -4 < 0. ITjiOTHOCTb OTpnaaTejibHOH 
6biTb He MoaceT — oTpHijaTejibHbiM mokct 6biTb TOJibKo ^aBJieHHe. 
ITo3TOMy ajih Toro htoGw Hauia BcejieHHaa ycKopnjiacb, oHa flOJDKHa 
6biTb 3anojiHeHa BemecTBOM c OTpnuaTejibHbiM aaBjieHHeM. A-HJieH 
3KBMBajieHTeH BemedBy, o^Hopo^HO 3anojiHaiomeMy bcio BcejieH- 
Hyio, npuHCM aaBjieHHe TaKoro BemecTBa OTpHuaTejibHo, p — -pc 2 . 
KoHeHHO, jjjin npaBHJibHoft HHTepnpeTaaHH cymecTByiomnx Ha6jiio- 
^eHHH 3Be3,zj THna SN la aonycKaeTCH TaioKe cymecTBOBaHHe Be- 
mecTBa co 3HaHHTejibHO 6ojiee «MnrKHM» ypaBHeHweM coctohhhh 

(BIIJIOTb RO p < -0,6pC 2 ). BemeCTBO flOJUKHQ 6bITb OHeHb CTpaHHbIM, 
CKOpOCTb 3ByKa B HeM HBJIHeTCH MHHMOH BeJIHHHHOH. 3T0 3Ha4HT, 

4to BemecTBo HeycTOHHHBO, jiK)6oe CKOJib yro^HO Majioe B03MymeHne 
njioTHOCTM b TaKOM BemecTBe 6yaeT pacTH no 3aKOHy 3KcnoHeHTbi, 
cocTOHHMe aojDKHO 6bidpo pa3pymaTbCH. CeiiHac kocmojiohi no- 
ctpohjih HecKOJibKO MO^ejieft TaKoro BemecTBa, xoth HenoHHTHoro 
b 3tom hobom THne MaTepHM 6ojibiiie, HQM OC03HaHHOrO. 

HHTepecHbitt bujx MaTepwH 6hji paccMOTpeH AjieiccaHflpoM Ka- 
MeHiijHKOM m ero KOJUieraMH. Ohm npezuioaouiH b KanecTBe Ha- 
nojiHHTejiH BcejieHHow TaK Ha3biBaeMbiH ra3 HaruibirHHa. 3tot ra3 
npTOyMaji b npomjiOM BeKe 3HaMeHHTbm pocchhckhh aspozmHa- 
mhk HamibirHH. Ta3 o6jia#aeT oTpnijaTejibHbiM aaBJieHHeM, ^aBJieHHe 
o6paTHO nponopuMOHajibHO iijiothocth! Tax MoxeT 6biTb, ycKopeH- 
Hoe pacuiMpeHMe Bbi3biBaeTca ra30M c TaKMMH Heo6bWHbiMH cboh- 
CTBaMH? B ra3e o6pa3yeTca aaBJieHHe, KOTopoe cTpeMHTcn He pac- 
uiHpHTb ero, a cxaTb. 



TAaBa 1 7 

He XOTHTC AM C03AaTb BCCACHHyiO? 



KaK COBAaTb BCCA€HHyiO? 

OcHOBbmaacb l ^ Ha ^aHHbix aHM30Tponnn pejiHKTOBoro H3Jiyne- 

HHH MO>KHO C^eJiaTb HeKOTOpbie BblBOflbl O 4>M3MHeCKMX B3aHMOfleH- 

ctbhhx b o6jiacra 3HeprHH nopa^Ka 10 16 TaB. O^ho BecbMa Ba^cHoe 
3aKJiK)4eHHe mo^cho caejiaTb yace ceflnac ro nojmoft pacuiHcfrpoBKH 
noTeHUHajia, ynpaBjiaiomero hh^jihuhch: Teopwa hhc^jihuhohhoh 
BcejieHHoft b o6mnx HepTax HBjiaeTCH BepHoft. Bo BcejieHHott 6biji 
pe^KMM flOMHHupoBaHHH CKajrapHoro nojiH c xapaKTepHoft 3HepraeH 
HecKOJibKo MeHbiue, hqm njiaHKOBCKHe 3Hepran. 3to nepBbie 3Kcne- 
pHMeHTajibHbie aaHHbie oTHocnmHecH k 4>H3HKe b o6jiaera 3HeprHH 
10 16 T3B. 

HwTaTejib, omyra na(J)oc 3thx HHceji! 

llepBbie 3KcnepHMeHTanbHbie $H3H4ecKMe #aHHbie OTHOCHJiwcb 
k o6jiacTH 3HepraH nopjmica 0,1 3B. C hqm 3to 6biJio CBH3aHO? Koma 
nepBo6biTHbitt nejioBeK Tep najiKOH o najiKy, Bbi3biBan oroHb, oh 
MMeji aejio c npoueccaMH b o6jiacra 3HeprnH ~ 0,1 3B Ha MOjiexyjiy. 
IlepBo6biTHbiH HejioBeK, OBjia^eBiuHH oraeM, nojiynmi biiocjicijctbhh 
ot cbohx 6jiaro,aapHbix noTOMKOB npo3BHme «nejiOBeK pa3yMHbitt». 

3aTeM, MHoro TbiCHHejieTHH cnycTH, BHanajie 3KcnepHMeHTajib- 
Ho-jia6opaTopHbie HCCJietfOBaHHH, a 3aTeM h TexHOJionwecKoe oBjia- 
aeHHe 3HeprHHMH nopn^xa 100 K3B-1 M3B Ha aTOM B03Bec™jiH 
oTKpwTHe aTOMHoro BeKa. A Be^b 3to 6mji npoflBH^eHHe Bcero jiniiib 

06paTHTe BHHMaHMe, mo b 3arojioBKe 3Toro naparpa(J)a cjioBa «BcejieHHaa» 
HarmcaHa c MajieHbKOH 6yKBbi. 3to 03Ha4aeT, mo penb yace He w£t 06 yHHKajibHOM 
o6i>eKTe. Pe4b wrgt o qeM-TO o6bmeHHOM, o 4eM-T0 TaKOM, mo mcwkho BiweTb (!) 

MJIM npOM3BO^MTb (!!!) B MaCCOBOM KOJIMHeCTBe. 
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b 1 000 000 pa3 no uiKane 3Heprwii! Kto MoaceT npe^yra^aTb, 4to cy- 
jiht HejioBenecTBy nojiyneHHe 3HaHHi4 npH npo^BH^ceHHM no iiiKajie 
3Heprnn b Mnjuinap^bi MMJuinap^OB pa3? 

Hn>Ke H X04y oGcyZJHTb TOJIbKO OflHO H3 B03MO)KHbIX CJie^CTBHH 
TeopHM HH(J)JIHUMOHHOH BcejieHHOH, HOBOH (J)H3HKH H 3KCnepH- 

MeHTajibHbix (J)aKTOB, nojiyneHHbix b xo,zje H3y4eHHa aHM30Tponnn 

pejIHKTOBOrO H3Jiy x ICHHH. 

He^aBHo AjiaH Tyc h AH^peft JlnH^e paccMaTpHBajiH bo3mo>k- 
HOCTb C03,aaHMH BcejieHHOH b jia6opaTopnn. 

3ByHMT He TOJibKo Bbi3biBaiome, ho h KomyHCTBeHHo no hckoto- 
poft cTeneHH. OflHaKo... BcnoMHHM, 4to cpe^HeBeKOBbie ajixHMMKH 
MeHTajin BbiBecra 4ejioBeKa b npo6npKe. noneiviy 6bi coBpeMeHHbiM 
KocMOJioraM He noMeHTaib o co3^aHMH BcejieHHOH b npo6npKe? Ohh 

H Me4TaK)T. 

Moxho Jin co3#aTb BcejieHHyio b jia6opaTopnn? CaMa nocia- 
HOBKa Bonpoca Ka;aceTca a6cyp#HOH, oco6eHHO b KOHTeKde Toro, 
4to HanwcaHO b npe^bmymnx rjiaBax. Hama BcejieHHaa no onpe- 
aejieHMio 6ojibiue jik)6oh jia6opaTopnn. Ceifaac BHyTpn ropn30HTa 
HacTHij BcejieHHOH co^epacwTca BemecrBa, cocroamero H3 6apnoHOB, 
6ojibme, 4eM 1O 22 M 0 ! 

KaK co3#aTb TaKoe K0JiH4ecTB0 BemecrBa? Ky^a ero noMeeraTb? 

TeM He MeHee b kohtckctc hh^jihuhohhoh BcejieHHOH h coBpe- 

MeHHOH KBaHTOBOH TeopHH nOJia OTBCT Ha 3TOT BOnpOC He HBJIHeTCH 

6e3ycjioBHo OTpwuaTejibHbiM. 

^aBHbiM aaBHo Hauia BcejieHHaa 6bijia oqeHb MajieHbKoft 
(cm. rjiaBy 5). Bca Ha6jno,aaeMaa ee 4acrb yMemanacb b c4>epe jxm- 
MeTpoM 10" 27 cm flo Toro, KaK 0Ha Havana pa3#yBaTbca no 3aKOHaM 
hh^jihuhh, a ee Macca cocraBjiajia ~ 10 4 r. H3 TaKoro coctohhhh 
BcejieHHaa Hanajia pa3,ayBaTbca h yace 4epe3 10~ 33 c npHo6pejia pa3- 
Mepbi nopa^Ka caHTHMeTpa, a Maccy nopa^Ka 10 57 r. Ha#o OTMeraTb, 
mo Macca BcejieHHOH Toraa 6bijia 3Ha4HTejibHO 6ojibiue, 4eM cew- 
4ac, 6ojibiuaa 4acTb Maccbi— 3HepraH npw pacumpeHHH BcejieHHOH 
«yuijia» b noTeHuwajibHyio 3Hepraio rpaBHTaunoHHoro nojia. 

,3,0 HH(j)jiauHH K0JiH4ecTB0 Maccbi, Heo6xo^HMoft AJia C03flaHHa 
ycjiOBHH, npH6jiHxeHHbix k Hauien BcejieHHOH, He TaK yac h bcjimko. 
Bot TOJibKo «BoraaTb» 3Ty Maccy b oSt^m npocTpaHCTBa pa3MepoM 
10 cm ... JIcho, 4to ceroflHa 3to caejiaTb HeB03MoxHo. Ho MoxeT 
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6biTb, 3to moxho 6y^eT oaejiaTb b 6yaymeM? HejiOBenecTBO pa3BH- 
BaeTCH 6bicTpo (hccmotph Ha oxaejibHbie 3a#ep)KKH). IIobtophm ap- 
ryMeHTbi OepMM, kotopwh onpe^ejiMJi xapaKTepHoe BpeMa pa3BHTHH 
KaK ~ 100 JieT. Paa^ejiMB BpeMH cymecTBOBaHHH BcejieHHoft Ha 3tot 
xapaKTepHbiii HHTepBaji, mm nojiynaeM 6ojibiuoe hhcjio. OTcio^a 
mo^cho 3aKJiK)4HTb, 4to y uHBHJiH3au,HH b uejiOM xopoiime IliaHCbl. 

Ho He 6yaeM MeniaTb o 6yaymeM TexHOJioran, flaBame Jiyn- 
uie pa36epeMCH, He cymecTByeT jih <J)yHflaMeHTajibHbix $H3HHecKHx 
3anpeTOB Ha HCKyccTBeHHoe co3,aaHHe BcejieHHOH? Bo3MoxeH jih Ta- 
koh npouecc 6e3 HapymeHHa (J)yHflaivieHTajibHbix (J)H3HHecKHx npHH- 
UHnoB? OTBeT Ha 3tot Bonpoc He TaK npocT. Mw }OKe 3HaeM, hto 
Hama BcejieHHaa po^Hjiacb H3 CHHryjiapHOCTH. TaK hto ochobhoh 
3a^a4eft, KOTopyio pemajiw Hccjie^oBaTejiH 6bijia: mo^kho jih co3,aaTb 
BcejieHHyio 6e3 CHHiyjiapHocra. 

nepBaa npo6jieMa, KOTopyK) Heo6xoflHMO 6hjio peiiMTb, 3to 
npo6jieMa sbojiiouhh KycKa BemecTBa c OTpHuaTejibHbiM flaBjieHHeM. 
CaMa nodaHOBKa Bonpoca He HBjraeTca hoboh. Ee paccMaipHBajin 
ro A. Tyca anoHCKHe Hccjie^OBaTejiH b rpynne npocj). K. Mae#a, 
a Taicxe poccHftcKHe HccjieaoBaTejiH b rpynne npo4>. B. A. Ky3bMHHa. 
HoBbiii 3JieMeHT, npHBHeceHHbift TycoM, — 3to pemeHHe KBaHTOBOH 
3a#aHH h aHajiH3 cwTyauwH HCKyccTBeHHoro poacneHHH BcejieHHOH. 

fljia Toro, 4To6bi BcejieHHan Hanajia pa3,nyBaTbCH, Heo6xo,zui- 
mo oTpwuaTejibHoe aaBjieHHe. Oho flaeT nepBOHanajibHbiii tojihok, 
pa3roHaeT BcejieHHyio, 4>opMHpyeT oflHopoflHoe h H30TponHoe pac- 
uiHpeHHe. O^HaKO, mo TaKoe OTpnuaTejibHoe jiaBjieHne b BaicyyMe? 
npe^cTaBHM ce6e KyconeK BemecTBa c cwjibHbiM OTpHuaTejibHbiM 
^aBjieHHeM BHyrpH. H3 noBce^HeBHoro onbrra mm 3HaeM, hto ra3 
c nojioxHTejibHMM aaBjieHHeM BHyrpH, 6yaynH noMemeHHbiM b Ba- 
icyyM, pa3JieiaeTCH. KyconeK BemecTBa c OTpHuaTejibHbiM ^aBjieHHeM 
BHyTpH ^oji>KeH 6y^eT cxjionbiBaTbca. KaK peuiHTb 3tot napa^oKC? 

riOAy3aMKHyTblH MNp 

Ilapa^OKC, kotopwh 6hji c<|)opMyjiHpoBaH AjiaHOM TycoM, pe- 
maeTCH b paMKax HCKpHBjieHHoro npocTpaHCTBa-BpeMeHH. fljm 3Toro 
paccMOTpnM TaK Ha3biBaeMoe nojiy3aMKHyToe npocipaHCTBo. Hma- 
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Tejib yxe 3hskom c 3aMKHyn>iM npocTpaHCTBOM. Ero o6pa30M hbjih- 
eTCH noBepxHOCTb ccj)epbi. Hto TaKoe nojiy3aMKHyToe npocipaHCTBo? 

JXnn o6i>5icHeHHa npH6erHeM k MeTo^y, kotopmh Mcnojib3yioT 
b o6meM TeopMM oTHocHTejibHoera, T04Hee, b ee MaieMaTHHecKnx 
MeTcaax. 3tot MeTO^ Ha3biBaeTcn BJioxeHwe n-MepHoro npocipaH- 
CTBa b njiocKoe ra + 1-MepHoe npocipaHCTBo. Mm yxe Hcnojib30BajiH 
3tot MeTOfl mm onHcaHHH 3aMKHyToro npodpaHCTBa (^ByMepHaa 
c(J)epa b TpexMepHOM npocipaHCTBe), njiocKoro npocipaHCTBa (flBy- 
MepHaa njiocKOCTb b TpexMepHOM npocrpaHCTBe), OTKpbiToro npo- 
CTpaHdBa (^ByMepHan noBepxHOCTb ce&Jia, reoMeTpwa JIo6a4eBCKoro 
b TpexMepHOM npocipaHCTBe). 

Hcnojib3yeM 3tot MeTO#. Bjiokhm b TpexMepHoe npocrpaHCTBo 
HCKpMBjieHHyK) noBepxHOCTb. KpnBM3Ha noBepxHOCTM 6yaeT Bbi6pa- 
Ha TaK, hto6m HMHTupoBaTb, CKaxeM, pa^wanbHyK) nacTb MeTpHKH 
LLlBapmiiHJibfla, mctphkh nepHoft #bipbi, jieacameii npH r — 0. Hep- 
Han flbipa — 3to o6i>eKT c npe^ejibHo cnjibHbiM rpaBHTau,noHHbiM 
nojieM, b KOTopoM oTjiHHMe reoMeTpHH MHpa ot njiocKofl reoMeipMM 
oco6eHHO cnjibHO. OHa HBJineTca KOHe^HOH cTa/mew sbojhouhh 
MHorax o6bi4Hbix 3Be3A. O^HaKo, Ha 6ecKOHe4Hoc™, rpaBmauH- 
OHHoe nojie nepHoft flbipbi ocjia6eBaeT, npocrpaHCTBO, KaK roBopaT 

peJIHTHBHCTbl, aCHMnTOTH4eCKH CTpeMHTCH K njIOCKOMy. 

Mm Toace Bbi6epeM noBepxHOCTb TaK, hto6m npn r — > oo OHa 

BoKpyr Hanajia Ha He koto - 
poM paccTOHHHM mm npoBe^eM 

OKp>OKHOCTb H 3aBepiIIHM Ha- 

my noBepxHOCTb 3TOH OKpyx- 

HOCTbK) (CM. pHC. 17.1). 

OKpy^KHocTb — Ta rpa- . 
HHua, KOTopan pa3flejraeT Haiu 
mhp h nojiy3aMKHyToe npo- 

CTpaHCTBO. OCTaJlOCb TOJlbKO 

B3HTb c(J)epy, KOTopaa HrpaeT 
y Hac po;ib 3aMKHyToro MHpa, 
«cpe3aTb» ee qacrb, a «ocTaTOK» 

npHllIHTb K OKp>OKHOCTH. KOC- 

MOJiorw Hcnojib3yioT noxoacHii 



CTaHOBHJiacb Bee 6ojiee miocKOH. 




Pmc. 17.1. 3Aecb HapncoBaHa noBepx- 
HOCTb, KOTopaa MMMTupyeT paAnaAbHyio 

HaCTb MCTpMKM LLlBapMLUMAbAa (HepHOM Abl- 

pbi). BoKpyr HanaAa KOopAwnaT BbiAeAe- 
Ha OKpyxHocTb — OHa 9\bas\ztc9\ rpaHkiuePi 
«ciUMBKH» AByx reoMeipMki, OHa xe Hrpa- 
eT pOAb rpaHMUbl Me>KAy BHeUIHMM mmpom 

m noAy3aMKHyrbiM npocTpaHCTBOM 



Po>KAeHHe HOBOfO MM pa 
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npneM b MaTeMaTHKe, kotopmh, kctstm, Ha- 

3bIBaeTC5I CIIIHBKOH, JU191 nocrpoeHMH MOJXQ- 

jih nojiy3aMKHyToro MHpa. Kohchho, no- 
BepxHOdb, KOTopan onwcbiBaeT nojiy3a- 

MKHyTblH MHp, OKa3bIBaeTC5I HeCKOJIbKO 60- 

jiee cjioacHaa, neM tot o6pa3, kotopmh cjio- 
xhjich b pe3yjibTaTe npocTbix onepaunn, 
o^HaKO noBepxHocTb, onHCbiBaiomaa no- 
jiy3aMKHyrbiH MHp, oneHb noxoxa Ha cboh 
npocToft o6pa3 (cm. phc. 17.2). 

IbpjiOBHHa, coe^MHHiomaH fiohtm 3a- 
MKHyToe npocTpaHCTBO h o6bi4Hoe 6ecKO- 
HeHHoe npocTpaHCTBO, c tohkh 3peHMH Ha- 
6^io^aTejiH b o6hhhom npocTpaHCTBe npe#- 
CTaBjineT H3 ce6n «4epHyio ,abipy». OflHaico, 
C T04KM 3peHMH Ha6jnoflaTejiH, kotopmh Ha- 
xo^htch BHyTpw nojiy3aMKHyToro npocTpaH- 
CTBa, OHa npe^cTaBjiaeT uejiyio BcejieHHyio. 
BHyrpM nojiy3aMKHyroro npocTpaHCTBa ot- 
pHuaTejibHoe ^aBjieHHe 6y#eT pa3#yBaTb ero 

TaK, HTO MO>KeT C(J)OpMHpOBaTbC5I HOBafl Bce- 

jieHHan c 6ojibuiHMH pa3MepaMM. 




Pmc. 17.2. AByMepHaa no- 

BepXHOCTb, KOTOpaa TOH- 
HO MMMTMpyeT paAMaAb- 

Hyo nacTb noAy3aMKHyroro 

MM pa. TopAOBMHa 9\SAS\ei- 

C9\ rpaHMueki pa3AeAa AByx 
MMpoB — Haniero m no- 
Ay3aMKHyroro Mkipa, b ko- 

topom MOXeT npOXOAHTb 
npOUeCC HH(J)Afll4MH 



POHiACHHC HOBOrO MHpa 

ToHHbie ypaBHeHHH, onHCbmaiomMe npouecc co3flaHHH BcejieH- 

HOH, HBJIHIOTCH KBaHTOBblMH ypaBHCHMHMH flBH)KeHHfl £JI5I TOpJIO- 

BHHbi. B HameM TpexMepHOM npocTpaHCTBe ropjioBHHa hbjihctch 
He 0Kpy>KH0CTbK), a c(J)epoH — rpaHMuett Meamy HaiiiHM TpexMep- 

HblM npOCTpaHCTBOM H BHyTpeHHHM nOJiy3aMKHyTbIM MHpOM. 

HccjieflOBaTejiH HanncajiH ypaBHeHHH, KOTopbie TeoperaqecKH 
onHCbiBajiH npouecc co3#aHHfl BcejieHHoii. BbincHHJiocb, hto 3th 
ypaBHeHHH oneHb HanoMHHaiOT ypaBHeHHH po^aeHHH a-qacraubi 
npn pacna^e *mep. 3#ecb, KaK npn pazmoaKTHBHOM pacnane ecTb 
noTeHUHajibHbiH 6apbep, kotopmh npenaTCTByeT po:*<£eHHK) BcejieH- 
hoh. TojibKO noTeHUHajibHbiH 6apbep flOJDKHa npoxo^HTb He nacraua, 
a «ccj)epa» — rpaHHua pa3^ejia Mex^y MHpaMH. 
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fAaBa 17. He xoTwe ah co3AaTb BceAeHHyio? 





a 

I 


r \ 


b 



Pmc*17.3. Bma noTeHunaAbHoro 6apbepa, ko- 
TopbiM AO/\>KHa «npeoAOAeTb» AByMepHaa rop- 

AOBMHa npkl C03AaHMM MCKyCCTBCHHOM BC6A6H- 
HOM 



Ha pnc. 17.3 noKa3a- 
Ha (})opMa noTeHuwajibHoro 
6apbepa, kotopmh flOJDKHa 
«npe(w>JieTb» HCKyccTBeH- 
Haa BcejieHHan npn ee co- 
3^aHMM. AnaH Tyc h ero co- 

aBTOpbl BM4HCJIHJIH BblCOTy 

3Toro 6apbepa h bhhchm- 

JIH yCJIOBMH, npM KOTOpblX 

bo3mo>kho co3#aHne nojiy- 
3aMKHyroro MHpa h ncicyc- 
ctbchhom BcejieHHoft. CTa- 

JIO IIOHHTHO, 4TO Heo6xOflHMbie (J)M3M4eCKMe yCJIOBMH 3aKJIK)4aK)TCa 

b tom, 4to ~ 10 yT BemecTBa Hazio cacaTb jxo hjiothocth ~ 10 74 t/cm 3 . 

Flocjie 3Toro BHOBb poameHHaa BcejieHHaa Ha4HeT 6bicTpo 3bo- 
jiiounoHMpoBaTb. BHyTpeHHHH HacTb nojiy3aMKHyroro MHpa Ha4HeT 
pa3#yBaTbCH (Bnpo4eM, mm 3Toro He 3aMeTHM), BHenmaa 4acTb 
(4epHaa zibipa) #OBOjibHo 6bicTpo (3a BpeMa nopa^Ka ruiaHKOBCKoro) 
cxjionHeTCH. HoBaa BcejieHHaa «OTuenHTca» ot MaTepHHCKOH Bce- 
jieHHOH h HaraeT cBoe He3aBMCHMoe cymecTBOBaHHe (cm. pnc. 17.4). 

Ho rjiaBHoe, A. Tyc h A. JlnH^e b pe3yjibTaie Hccjie^OBaHHH 

BblHCHHJIH TOT (J)aKT, 4T0 BCeJieHHyK), nOBM^MMOMy, MO)KHO C03^aTb 

HCKyccTBeHHO, b HauieM no4TM njiocKOM MHpe. npouecc co3#a- 
hmh hoboh BcejieHHOH He 6y,aeT conpoBox^aTbca 3axBaTbiBaiomHMH 
HBJieHHHMH THna BHe3anHoro o6pa30BaHwa «#bipbi» b npocTpaHCTBe 
hjih B3pbiBa. O^HaKo, bo3mo)kho H3MeHeHne cbohctb BaKyyMa Ha- 
mero npocTpaHCTBa, a 3Ha4HT, h H3MeHeHHe (J)H3H4ecKHx cbohctb 
oicpyacaiomero MHpa. 

AnapeH JlHH^e 3a#ajica eme o#hhm BaacHbiM BonpocoM. KaKyio 
HMeHHO BcejieHHyio moscho co3^aTb b jia6opaTopHH. flencTBHTejib- 
ho, ecjiH 3tot npouecc B03MO)KeH, to Kaicne hmchho xapaicrepH- 

CTHKH BCeJieHHOH MOXHO «3anporpaMMHpOBaTb»? JlerKO BH^eTb, 4T0 

npo6jieMa «nporpaMMHpoBaHHa» cbohctb BcejieHHOH 3KBHBajieHTHa 
nocjiaHHK) b 3Ty 6y#ymyio BcejieHHyio. 

B 0TjiH4He ot BcejieHHOH, KOTopaa po>K£aeTca H3 CHHiyrcapHO- 

TO COCTOHHHH, KOr^a CHMMeTpHH BCeX (J)H3H4eCKHX B3aHMOfleHCTBHH 
BOCCTaHOBJieHbl, KOr^a, B006me rOBOpa, HeB03MO>KHO pa3JIH4HTb 
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Pmc. 17,4, XyAoxecTBeHHoe npeACTaBAeHkie npouecca «OTinenAeHna» 

HOBOPOKACHHOM BC6A6HHOM OT M6T6PMHCKOM BceACHHOM 

B3aHM0fleftcTBHH jxpyr ot tfpyra, BcejieHHan, KOTopyio co3flaioT b jia- 
6opaTopnn, co3^aeTca Ha (J)OHe no4TH ruiocKoro npoerpaHCTBa- 
BpeMeHH. B TaKott CHTyaijHH Bee aonycraMbie ^mmQCKHQ chmmc- 

TpHH HBJIHIOTCH HapyilieHHblMH, BCe (])H3H4eCKHe B3aHMO^eHCTBHH 
pa3JIHHHMbIMM. 

rio3TOMy npeACTaBJineTCH BnojiHe B03MO>KHbiM cjie^yiomee pa3- 

BHTHe CHTyaUHH. ripH C03TOHHH COCTOHHHH C MaKCHMaJIbHOH CHMM6- 

Tpweft (co3,aaHHH ycjioBHH zuih mh4>jihumh) mo)kho TaK «noflo6paTb» 
CKopocTb h HanpaBjieHHe #BH>KeHHH cicajiflpHoro nojra, 4To6bi yxe 
nocjie hhcJuihuhh nojie nonajio no 3anaHHOiviy HanpaBjieHHio Ha no- 
TeHUHajibHoft noBepxHOdH caivioro CKajiapHoro nojia. 

Bw6op nojio^KCHHH Ha 3toh noTeHuwajibHOH noBepxHOdH — 
3to Bbi6op KOJiHnecTBa (J)H3H4ecKHx B3aHMO^ettcTBHH h 4>yH#aMeH- 

TaJIbHblX KOHCTaHT B3aHMOfleHCTBHH. TaK, CKdUKCM, B 3aBHCHMOCTH 

ot nojioxeHHH (J)H3H4ecKoro BaicyyMa Ha stoh noTeHuwajibHoft no- 
BepxHOcra, b HauieM MHpe Morjio 6w 6biTb He qeTbipe ochobhmx 
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B3anMo^eHCTBMH (3jieicrpoMarHHTHoe, cjia6oe, H^epHoe h rpaBHTa- 
UHOHHoe B3aHMO^eftcTBM5i), a, HanpHMep, naTb: 3JieKTpH4ecicoe, 
MaraHTHoe (nepeHocHMoe eme oahhm 4>otohom c Maccoft, a noTOMy 
KopoTKcaeftcTByiomee), cjia6oe, 5mepHoe h rpaBHTaunoHHoe. Hjih 
inecTb B3anMO,aeftcTBHH, hjih TOJibKo RB3.. Ham MHp MOr HMeTb #Ba 

npOCTpaHCTBeHHblX H3MepeHHH H #Ba BpeMeHHblX. 

KoHe^HO, TaKoe bo3mo>kho TOJibKo b tom cjiynae, ecjin Teopna 
e^HHbix (J)M3HHecKMx B3aHMO,aeHCTBHH aonycKaeT TaKoe pa3Hoo6pa- 
3ne. TeopHH, KOTopaa ceftMac c4HTaeTca jiynuiHM KaH^mjaTOM Ha 3Ty 
pojib — TeopHH cynepcrpyH — flonycicaeT TaKoe MHoroo6pa3ne. 
H3 o^HHHa^uaTM M3MepeHHft TeopwM cynepcrpyH TOJibKo neTbipe 

HBJIHIOTCH «60JIbUIHMH» H3MepeHHHMH, a OCTaJIbHbie UieCTb KOM- 

naKTH(|)HijnpoBaHbi , «corayTbi b £yry»; Ham mhp npe^CTaBjiaeT Top 

H3 lIieCTH MajieHbKHX H3MepeHMH H HeTbipeX 6oJIbIIIHX. 

EcTecTBeHHO, hto npn cjiyHaftHOM npoijecce HapyiueHHH cHMMe- 

TpHH, KOHCTaHTbl (|)H3H4eCKHX B3aHMO#eHCTBHH flOJI>KHbI He CJIHIII- 

kom CHjibHO OTjinqaTbCH jxpyr ot Apyra. Ohh, cicaaceM, Moryr Bee 
OKa3aTbca nopa^Ka eflHHHijbi. Ho 3to He Taic b Haineft BcejieHHOw! 
3HannT jih 3to, 4to Haui MHp co3^aH HCKyccTBeHHo, b pe3yjibTa- 
Te npouecca, KOHTpojinpyeMoro hckhm KocMOJioroM-xaicepoM, hjih 
Bce-TaKH oh HBjiaeTca npo^yicroM ecrecTBeHHbix npoueccoB? 

JXdOKC ecjiH Ham MHp — Hrpa Hen3BecTHoro HaM HHTejuieicra, 
cjieayeT OTMeraTb, mto oh He cuejiaji cjihiiikom MHoro oiuh6ok... 



4to Hac jkact b 6yAyuiCM? 



ByAymee Haiuen uHBHAHsaiiHM 

Kohhhjich flBa,zmaTbiH BeK, BeK rwraHTCKHx HayHHbix m Tex- 
HOJiorH4ecKwx aocTM>KeHMH. O^HaKO, caMoe 6ojibinoe flocTHaceHwe, 
6e3ycjiOBHO, b tom, hto 4ejioBe4ecTBO CMorjio nepeacHTb 3tot BeK 6e3 
fl^epHoft BOHHbi. TaKaa BOHHa, ecjiH 6bi OHa cjiynmiacb, He TOJibKO 
OT6pocHJia 4ejioBe4ecTBo b nemepHbift BeK, ho, bo3mo>kho, yhhhto- 
>khjio 6bi caMy Hamy anBHjiH3auHio. KaKwe eme onacHocra amyr Hac 
b 6yzjymeM? OnaceH hjih hct TexHOJiorH4ecKHft nporpecc? Okoh- 
4mtch oh hjih 4ejioBe4ecTBo Be4H0 6yfleT nO^HHMaTbCH C O^HOH 
TexHOJiorHHecKoii ciyneHbKH Ha apyryio? 

Bee 3th Bonpocbi BOJiHyioT Hac, ho Hac TaioKe BOJiHyeT He TOJib- 
ko 6jiH3Koe 6yaymee, ho h ^ajieKoe h npe^ejibHO ^ajieKoe 6yaymee. 

KoCMOJIOrH paCCMOTpeJIH B03MO)KHOCTH pa3BHTH5I 4eJIOBe4eCKOH uh- 
BHJIH3aUHH Ha KOCMOJIOHiHeCKHX npOMeatyTKaX BpeMeHH. BeK — 3TO 

oneHb MajieHbKHH npoMOKyroK BpeMeHH no cpaBHeHHio c zjecaTKOM 
MHjiJiHap^oB jieT, KOTopbie cymecTByeT Hama BcejieHHaa. 3KCTpano- 
jihuhh cymecTBOBaHwa unBHjiH3auHn Ha TaKoft npoMeacyTOK BpeMeHH 
noxo)Ka Ha oKOJioHayHHbie cneKyjiauHH. Bce-TaKH, flaBaftTe paccMo- 

TpHM B03MO>KHyK) 3BOJlK>UHfO UHBHJIH3aiJHH Ha TaKOM npOMOKyTKe 

BpeMeHH. 

HeJIOBeK pa3yMHbIH B03HHK HeCKOJIbKO fleCHTKOB TMCH4 Jld 

Ha3a^ (corjiacHO coBpeMeHHOH ncTopn4ecKoii HayKe). Owa 3noxa 
b pa3BHTHH 4ejiOBe4ecTBa cMeHHjia Apyryio, coBpeMeHHaa TexHo- 

JI0rH4eCKaa UHBHJIH3aUHH B03HHKJia CpaBHHTeJTbHO He^aBHO, B03- 

HMKHOBeHHe edecTBeHHOH HayKH CBH3aHO c HMeHaMH T. TajiMjiea, 
M. HbioTOHa, JI. 3ftjiepa. Toma ace Ha4ajia pa3BHBaTbca coBpeMeHHaa 
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TexHOJiorwH, KOTopaa no^apHJia HaM yace b Kornje Hamero BeKa 6bi- 
CTpwe m cBepx6bicTpbie cpe^CTBa nepe^BHxeHHH, cpe^cTBa MaccoBOH 

HHt^OpMai^HM H MHTepaKTHBHbie Cpe^CTBa CBH3H, BCeMMpHyK) MH- 

$opMaij;MOHHyK) ceTb, nejioBeic OBjia^eji moiuhmmh m CBepxMomHbi- 
mh HCTOHHMKaMH 3HeprHH, noBbimeHweM njio^opo^HH c noMombio 

XHMHH H reHHOH HHXeHepHH. 

Ho b TexHOJioraqecKOM nporpecce TawrcH jiOByiiiKa ajih 6y^y- 
mux noKOJieHHH. He 6yay nepeHHCJiHTb B03MO>KHbie nocjie^cTBMH 

AJIH 3£OpOBbfl H 2CH3HH JIIOfleH npH IIOJIb30BaHMH flOCTH>KeHHHMH 

coBpeMeHHbix TexHOJioraft. OdaHOBjiiocb jiHiiib Ha noTpe6jieHHH 
3HeprnH m nepepa6oTKe MH(J)opMauHM. 

Ka^CeTCH OHeHb MaJIOBepOHTHbIM, 4T06bI JIK)6a5I UHBHJIH3aUHH 

Morjia 6w ^KMTb BeHHO. flaace ecjiH UMBMJiH3aunH CMoaceT H36erHyrb 
ecTecTBeHHbix KaTacTpo(J) hjih caMoyHHHToaceHHH, 0Ha flOJDKHa hc- 
nepnaTb Bee hctohhhkh 3HepniH, BKjnonafl 3Be3,n;Hbie hctohhhkh, 
a Taoce hctohhhkh npe^ocTaBJiaeMbie HaM, HanpHMep, npoueccoM 
pacna^a Hacraij (npoTOHOB), M3 kotophx coctohm mm caMH. 

AMepHKaHCKHtt 4>h3hk O.flaftcoH, paccMaTpHBaa 3Ty npo6jie- 
My, npeflnojioaaiji, 4to UHBHJiH3auHH CMOxeT Bbiaarrb, yMeHbiuaa 
noTpe6jieHwe 3HeprHH h o6mch HH^opMauneH no npaBHjibHO pac- 
CHHTaHHbiM MaTeMaraHecKHM 3aKOHaM, npH 3tom CKopocTb noipe- 
6jieHHH h o6MeHa 6yaeT nocroaHHo yMeHbiuaTbca, dpeMHCb k Hyjiio. 
flaace ecjiH 3tot npouecc B03MoaceH, acH3Hb b TaKOM TeMHOM h cicyH- 
hom 6yaymeM Bpm Jih npH^eTCH no ayiue 6ojibuiHHCTBy coBpeMeH- 
hhx jnofleft. KoHe4HO, yMeHbiueHne ckopocth He 03Ha4aeT nojiHoe 
HC4e3H0BeHne o6MeHa HH(jx)pMauHeH hjih noipe6jieHHH 3Heprnn, 
KpoMe Toro, moxho no,ao6paTb pokhm noTpe6jieHna TaK, hto uh- 
BHJiH3auHH, 3a BpeMH XH3HH, Bee paBHo nepepa6oTaeT 6ecKOHe4Hoe 

KOJIHHeCTBO HH4>OpMaUHH. H03T0My «Cy6l>eKTHBHOe» BpeMfl 3KH3HH 
TaKOH UHBHJIH3aUHH (KaK BnpOHCM H (})H3H4eCKOe) MO>KeT OKa3aTbCH 

6ecKOHe4HbiM. flpyrne cneunajiHCTbi KpnraKyioT Mo^ejib flaftcoHa, 
yKa3biBan Ha HeB03MoacHocTb coejjHHHTb pa3HOxapaicrepHbie npouec- 

Cbl B 0£HOH UHBHJIH3aUHH. n03TOMy MHOme CneiJHaJIHCTbl CHHTaFOT, 

4to HCHe3HOBeHne Ha KocMOJiornnecKnx npoMeacyricax BpeMeHH HaM 
He H36exaTb. 

Ecjih mh o6pe4eHbi Ha yracaHHe, to Hejib3« jih ompaBHTb no- 
cjiaHne hjih aaace npe^CTaBHTejieft 3eMjiH 6ynymHM uHBHjiH3auHHM? 



BeHHafl M-l<j>A9l_lM9 
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Te b cbok) oqepe^b Moiyr nocjiaTb cbom 3HaHna hjih npe^cTaBHTejieft 
b 6yaymee h tzk #ajiee, bo3hhkhct Ape bo UHBHjiH3aijHH, coe#H- 
HeHHbix o6mMM 3HaHHeM. TaK 3Ty npo6jieMy He^aBHo nocTaBmiH 
poccuHCKHe KOCMOJiorn BaqecjiaB MyxaHOB h AjieKcaH^p Bhjichkhh 
co cbommh coaBTopaMH X. rappnroH m K. OjiyMOM. Ohm paccMOTpejiH 
3Ty npo6jieMy b TeopHH «bchhoh hh^jihuhh*. 



BeHHasi HH<t>AsmHn 

Cbohctbo hhc^jihuhh 6biTb Be^Hoft, npeajioxeHHoe AHflpeeM 
JlHH^e, HeoaomaHHo oKa3ajiocb ecTecTBeHHbiM fljia 6ojibiuoro Kjiacca 
peuieHHH hjih Mo^ejiett. 

PaccMOTpHM BHOBb noTeHunaji, no^o6Hbitt noTemjuajiy b «ho- 
bom cueHapnM» (cm. phc. 18.1). 




Pmc. 18.1. Ha pMcyHKe M3o6paxeHa <J>opMa noieHUkiaAbHOM 3Heprnn OAHoro o<a- 
AJipHoro noAJi. rioT6HunaA MMeeT OMeHb noAorMM ckaoh. I±lapw<, M3o6paxaiomMM 
cocTOAHMe CKaAJipHoro noAfl, b HanaAe mh<()ajiumm KaTMTCJi no TaKOMy CKAOHy mcaachho. 
Bo BpeMJi CKaTbiBaHMfl 3Heprnsi AOXHoro BaicyyMa noHTM nocTOflHHaa, napaMeTp Xa66Aa 
MeHfleTca oneHb MaAO, nponcxoAUT mh<J>ajii4M5i 
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LUapHK, KaTflmHHca no nojioroMy cioioHy, nojx B03#eiiCTBHeM 
KBaHTOBbix (J)jiyKTyauHH Mo>KeT ^BHraTbCH He TOJibKO b HanpaBjieHHM 
MHHHMyMa, ho TaioKe h b HanpaBJieHHH MaKCHMyMa noTeHunajia. 
EcTecTBeHHo, hto b Tex MecTax, b KOTopbix mapwK KaTHTCH b Hanpa- 
BJieHHH HMKM, hh(J)jihuhh KOHHaeTCH, poacjiaeTca o6biHHaH njia3Ma, 
noTeHunajibHaa 3Hepraa jio>KHoro BaKyyMa BbmejiaeTca, HarpeBan 
nacTHUbi njia3Mbi h Ha^HHaeTca 3noxa Bojibiuoro B3pbiBa. B Tex 
HacTHX npocTpaHCTBa , b kotopmx cKajiHpHoe nojie He MeHaeT cboio 
BejiHHHHy hjih jja>Ke yMeHbuiaeT ee, hh^jihijhh npo^ojixcaeTCH. 

BcnoMHHM (rjiaBa 4), hto nojioaceHne T04eK h o6i>eM BcejieH- 
hoh xapaKTepH3yioTCH AByMH cnoco6aMM: Koop^HHaTaMH JIarpaH>Ka £ 
h Koopzi,HHaTaMH Sftjiepa x. 0H3HHecKHH o6i>eM npocTpaHCTBa bm- 
pa*:aeTCH KOop^HHaTaMH 3ftjiepa x, a koo pxj h h aT m JIarpaHxa npocTO 
HyMepyiOT qacTHUM. CBH3aHbi ohh mgwjxy co6oii Mac uiTa6 hum (J)aK- 
topom x(t) — a(t) • £. 

R)pH30HT HaCTHU HJIH pa3Mep npHHHHHO-CBJI3aHHOH o6jiaCTH 

b x-Koop^HHaTax 6biCTpo CTpeMHTca k nocTOHHHOH BejiHMHHe. Bce- 
jieHHaa pa36HBaeTca Ha MHoro npH4HHHO-HecBH3aHHbix o6jiacTeH, 
Ka>K^yio o6jiacTb moxho paccMaipHBaTb KaK oxzjejibHyio MHHH-Bce- 
jieHHyio. Bo BpeMH hhcJxjihuhh (J)H3H4ecKHH o6i>eM pacTeT 3Kcno- 
HeHunajibHO, Toraa KaK HyMepauna tohck He H3MeHaeTCH, no3TOMy 
pa3Mep o6jiacTefl b £ - KOop^HHaTax ocTaeica HeH3MeHHbiM. Otjio- 



>khm Ha £ByMepHOH AHarpaMMe pacnpe^ejieHne ToneK npocTpaHCTBa- 

BpeMeHH, nOKa3aB pa3HbIM UBeTOM TOHKH, B KOTOpblX npOHCXO^HT 

hh(J)jihuhh (6ejibitt UBeT), h tohkh, b kotopmx HH(f)jiHU,H5i y>Ke 
3aKOHHHjiacb (cepbitt ubct) (pnc. 18.2). no BepTHKajibHOH och ot- 

JKttKHM BpeMH, no ropH30HTa/IbHOH OCH — OTJIOMCHM KOOp^HHaTy 

JlarpaHxa £. Kohchho, Haiua anarpaMMa He noKa3bmaeT pocT <|>h- 
3HHecKoro o6i>eMa, kotophh pacTeT KaK V = e 3Ht - £ 3 . TeM He MeHee 
OHa noKa3biBaeT pacnpe^ejieHHe b £-npocTpaHCTBe o6jiacTeH, b ko- 
tophx eme HjjeT hh^jihuha, h o6jiacTeH, b kotopmx hhc^jihijhh 
yxe 3aKOHHHJiacb. C Te4eHneM BpeMeHH o6jiacTeH, b kotopmx npo- 

WJIXaeTCH HH(J)JIHUHH, B £ -npOCTpaHCTBe T04CK CTaHOBHTCH Bee 

MeHbine, ohh 3aHHMaiOT Bee MeHbiiinn o6i>eM b 3tom npocTpaHCTBe , 

HO B X-npOCTpaHCTBe, B 06bI4H0M <j)H3HHeCKOM npOCTpaHCTBe, 3T0T 



o6i>eM HaMHoro npeBbiuiaeT pa3Mepw o6jiacTen, b kotopmx yxe Ha- 
xo^htch ropHHaa njia3Ma 3JieMeHTapHbix qacraij. MaTeMaranecKoe 



BeHHafl MH(J)AflUMfl 
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Pmc. 18.2. Ha rpa(t>m<e M3o6pa>KeHO pacnpeACAeHMe mhc^ajiumm Ha iiaockcxtm t, 

£. riO B6PTM Ka AbHOM OCM OTAOXeHO BpeMfl, no ropM30HTaAbHOM OCM OTAO>K€Ha OAHa 

M3 KOopAMHaT AarpaH>Ka. BeAaa o6AacTb o3HanacT npoAOAxeHMe mh^ajiumm, pasAMHHbie 

OTTCHKM CepOrO IXSeid nOKa3blBaiOT C^AaCTM, B KOTOpblX MHC(>Afll4Mfl yxe OCTaHOBMAaCb, 

b hmx npoMcxoAMT pa3BMTM6 BceAeHHbix, noAo6Hon HaweM. Pa3Mcp ropn30HTa HaCTMU, 

BblHMCACHHbIM B KOOpAHHaT3X t, f , 6blCTpO yMeHbLUaeTCfl B C^AaCTJIX, nOKpblTblX 6eAblM 
UB6TOM, M paCTeT B o6AaCTflX, nOKpblTblX CepbIM UBCTOM, aCMMnTOTMHCCKM «npMXMMa- 
51Cb» K Orpa H M H MT6 AbH bIM, nOHTM BepTMKaAbHbIM AMHM51M. KOHCHHO, BCe OTTCHKM CepOrO 

UBeia npeACTaBAflioT M3 ce6$i npnMMHHO-HecBfl3aHHbic o6AacTM. (lepcAaTb MHcJxDpMa- 

I4MKD M3 OAHOM 06A3CTM CepOrO UBeTa B APYT/IO He npeACTaBAfleTCfl B03MO)KHblM. 

Ka>KAa5i M3 TaKMx o6AacTeM Aexm 6cckohchho a3acko ot coceAHePi, c tohkm 3peHM5i 

COBpCMCHHOM (()M3MKM 



MO^ejiHpoBaHHe noKa3biBaeT, hto b npocreHiiiHx CHTyaunax 3to 
pacnpe^ejieHHe noflHHHaeTCfl 3aKOHaM 4>paKTanbHOH MaTeMaraKH. 

TpaHHua Me^y cepwM ubctom h 6ejibiM ubctom — 3to rpa- 
HHua Meacay hhcJuihuhch h pokhmom deneHHoro paciiiHpeHHfl 
c BemecTBOM b Bime ropHnen ruia3Mbi. Taican rpaHHua npoBcae- 
Ha no ceneHHK) oaHHaKOBOH njioTHOCTM MaTepHH. BpeMH, KaK oho 
onpeaejiaeTCH bo 4>pHflMaHOBCKOH BcejieHHOH, HyMepyeT nepexoa 
ot cjioh MaiepwH c ootoh njioTHOCTbio k cjioio MaTepHH c apyroft 
njioTHOCTbio. Ilo3TOMy HanpaBJieHHe TeneHHH <j)H3HHecKoro BpeMeHH 
4)pH,mviaHOBCKoro MHpa nepneH^HKyjiapHO rpaHHije, 3aKpameHHOH 

CepbIM UBCTOM. 
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3pa ropHHett njia3Mbi cMeHaeTca 3pon flOMHHHpoBaHHa Be- 
mecTBa, o6pa3yK>Tca rajiaKTHKH, 3Be3flbi, B03HHKaeT 6HOJiorHHecKaa 
(hjih, 6biTb MOxeT, BHe6nojiorH4ecKa5i) ymmnb. 3Be3,abi cjie^yiOT cbo- 
eMy UHKJiy, ohh o6pa3yK>Tca, npoxo^aT CTa^nio rjiaBHOH nocjie^oBa- 
TejibHOc™, npeBpamaioTca b 3Be3,abi-rHraHTbi, 3aTeM npeBpamaioTca 
b TycKJibie, nodeneHHo yracafomne He6ecHbie Tejia. fljia 3Be3#bi 
™na Hauiero CojiHua 3tot uhkji 3aHMMaeT npHMepHO 5 MJipa jieT. 
flpyrae 3Be3tfbi acHByT 6ojibiue hjih MeHbme, ho BpeMa o^hoh )kh3hh 
Bce-TaKH He cothh, a b jiynuieM cjiynae aecaTOK MHJUiHapaoB JieT. 
Poag^aioTca HOBbie 3Be3^bi, b TepMoa^epHOM KOTJie KOTopbix jierKHe 
3JieMeHTbi nepepa6aTbiBaioTca b 6ojiee Taacejibie. lloKa He Hc^epna- 
jiHCb 3JieMeHTbi Jierne acejie3a, 3Hepraio b Haiiieii BcejieHHOH 6yayr 

npOH3BO^HTb 3Be3^bI — HCTO4HHKH TepMOHflepHOH 3HeprHH. B XOfle 

hx ropeHHH o6pa3yeTca HeKOTopoe kojihhcctbo 3JieMeHTOB Taacejiee 
3cejie3a — TaKHe, HanpHMep, KaK ypaH. H3 3thx 3jieMeHTOB mo>kho 
Toxe nojiynaTb 3HeprHio. Ohh HecTa6HJibHbie — 3Heprna hx pacna.ua 
H3BecTHa KaK a^epHaa 3Heprna. 

JlaepHbiH uhkji 3Ha4HTejibHO MeHee 3HeproeMKHH no cpaBHe- 
hhk) c TepMoa^epHbiM. Ecjih, CKaxeM, npn Tepivioa,aepHOH peaKUHH 
#Byx a#ep Bo^opo^a BbmejiaeTca 3Heprna 4 M3B, to npn pacna- 
«e aapa ypaHa U (KOTopoe caMO no ce6e b 235 pa3 Taacejiee 
a#pa BO^opo^a) HHtfyunpoBaHHoro HeifrpoHOM BbmejiaeTca TOjibKO 
208 M3B. 3to 03HanaeT, hto yaejibHoe BbmejieHHe 3HepmH npHMep- 
ho b 4 pa3a MeHbuie. HaKOHeu, ncnepnaiOTca h ajjepHbie hctohhhkh 
3HeprHH, Bee BemecTBO npeBpaTHTca b xejie30, KOTopoe aBjiaeTca 
Han6ojiee cTa6njibHbiM 3JieMeHTOM. Oho He aaeT BbmejieHHa 3HeprHH 
npn TepMoa^epHbix peaKunax h He pacna^aeTca c BbmejieHHeM 3Hep- 
thh (T04Hee, oho MoaceT pacna^aTbca b npouecce pacnaaa npoTOHOB 
a^pa, ho 3to npouecc pacna^a hmchho npoTOHOB). 

Moxho Hcnojib30BaTb eme 3HeprHio, KOTopaa 6y^eT BbmejiaTbca 
npn pacnanax npoTOHOB, ho npn 3tom BemecTBO, H3 Koraporo 
nocTpoeHbi, b qacTHOCTH, Mbi, 6yaeT 6e3B03BpaTHO HC4e3aTb. 

06pa3yeTca TeMHaa 6e32CH3HeHHaa BcejieHHaa. Ilo3TOMy Hauia 
3noxa, 3noxa cymecTBOBaHHa 6HOJiorH4ecKOH xh3hh, — 3to tohkhh 
nepexo^Hbin cjioh ot HH(J)jiauHH h «Bojibiuoro B3pbiBa» k TeMHOMy 
BpeMeHH. 
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HaGjiio^aTejib, XMBymnn b oahoh M3 o6jiacTeft, 3aKpaiueHHOH 
cepbiM uBeTOM, He cmokct nepcuaTb b ^pyryio o6jiacTb CHrHan, 
nocKOJibKy rpaHwua ero o6jiacTH jiokmt b npomjioM. Ha pnc. 18.3 
cxeiviaTM4HO noKa3aH xojx 3bojik>uhh MaTepwn b o^hom m3 jiomchob, 
b kotopom hhcJwihuhh CMeHHjiacb 3noxoM «Bojibiuoro B3pbiBa». KaK 
MoxeT 3aMeTHTb BHHMaTejibHbiH HHTaTejib, 3Ta cxeMa noBTopneT 
H3Jio)KeHHe rjiaBbi «Pa3JiHHHbie 3noxH Hauien BcejieHHOH*. 




Pmc. 18.3. Ha pwcyHKe M3o6pa>KeH xoa 3boaioumm b oahom m MHHM-BceAeHHbix 
b HenocpeACTBeHHOM 6am30Ctm ot rpaHMUbi mokay 6eAbiM ubctom m cepbiM ubctom. 
B KanecTBe ocm bpcmchm Bbi6paHO Bpe/wi, conyrcTByiomee Ha6AiOAaTeAio (npo6HOki 
nacTkiue) b paciukipaiomeMCfl /wipe. HanpaBAeHne 3Toro BpeMeHH He coBnaAaeT 
c HanpaBACHMeM BpeMeHM t, ho Ha6AKDAaTeAb cHMTaeT, hto oho nepneHAMKyAJipHO 
npocTpaHCTBCHHO-noAo6HOM rnnepnoBepxHocTM 



06HOBAflK>maacfl BceAeHHaa 

HcTopHH BcejieHHOH, noKa3aHHan Ha phc. 18.3, no#pa3yMeBaeT, 
hto 3HeprHH BaKyyMa paBHa Hyjno. He^aBHwe no^cqeTbi cBepxHO- 
bwx 3Be3,a noKa3ajiH, hto sHeprna BaKyyMa b Hameft BcejieHHOH 
MoxeT 6biTb He paBHa Hyjiio (cm. rjiaBy 16). FIpHcyTCTBHe HeHy- 
jieBoro A-4jieHa (mmchho oh accounnpyeTCH c 3Heprnen BaKyyMa) 
CHJibHO MeHaeT KapraHy Haiueft 6ojibiiioH BcejieHHOH b CBepxKpyn- 
hhx (npHHHHHO HecBH3aHHbix) MacuiTa6ax. 

PaccMOTpHM no^poGHee CTpyKTypy BcejieHHOH BHyTpn oOToro 
AOMeHa, b kotopom npoH30iujia CMeHa hhcJxjihumh Ha creneHHoft 
pe>KHM pacuiMpeHHH. Flo Mepe pacuiHpeHHH BcejieHHOH njroTHOCTb 
b AOMeHe na^aeT jxo Tex nop, noKa njroTHOCTb BemecTBa He cTaHeT 
MeHbiue njioTHocTH BaKyyMa (no coBpeMeHHbiM ^aHHbiM b Harnett 
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fAaBa 1 8. 4to Hac xact b 6yAymeM? 



BcejieHHOH OHa paBHa ~ 10" JU t/cm j ). nocjie 3TOrO njIOTHOCTb 
BcejieHHOH 6y^eT ociaBaTbca npHMepHO paBHoft itjiothoc™ Baxyyivia, 

a napaMeTp Xa66jia ciaHeT paBHWM = \/t • 



CaMoe rjiaBHoe coctoht b tom, hto bo BcejieHHOH c A > 0 
bo3mo^kch nepexoa H3 coctohhhh HdHHHoro BaKyyivia (BnponeM, 
TaKoft jih yac oh Tenepb hctmhhwh?) b cocroaHHe Ha ckjioh noieH- 
UHajia (phc. 18.1) hjih aaace Ha BepuiHHy noTeHLmajia. Toma BHOBb 

B03MO)KHa HH(J)JIHUHH, POjKJXQHHQ HOBOH MHHH-BcejieHHOH, nOBTOp 
3BOJHOIJHH. FlpOUeCC B03BpameHHH HH(|)JiaUHH — 3TO KBaHTOMCXa- 

HHHecKHH npouecc TyHHejinpoBaHHa. Oh Ha^HHaeTca b c4>epH4ec- 
koh o6jiacTH pa3MepoM ~ ^ . BepoaTHOdb npouecca TyHHejinpo- 

BaHHH Ha e^HHHuy o6i>eMa b e^HHHuy bpcmchh He cjihiiikom BejiHKa 

-io 122 

P ~ e . OflHaico BpeMCHH y BcejieHHOH, nocjie HcqepnaHHa Bcex 
3anacoB 3HeprHH, MHoro. 3aMeTHM Taoce, 4to cjiy^aft HyjieBoro 

A-HJieHa HCKJIK)4aeT B03MO)KHOCTb TyHHejIHpOBaHHH. 



HiaK, BcejieHHaH MoaceT BHOBb OKa3aTbca b 4>a3e cnjibHoft 
HH<i>jiaijHH (TOHHee, HacTb BcejieHHoft). Ha pwc. 18.4 cxeMaraHeciai 
noxa3aHO poameHHe hoboh 4)a3bi (hobmx MHHH-BcejieHHbix) HH(])jia- 
Uhh BHyrpn o6jiacTH, paciuHpaiomeiica yace no 3KcnoHeHuwajibHO- 

My 3aKOHy. CKOpOCTb paCIUHpeHHH BHOBb CTaHOBHTCH qy^OBHlUHOH, 

BHOBb poac^aeTca MHoro MaTepnajibHOH 3Heprnn, ypaBHOBeuieHHOH 
rpaBHTauMOHHbiM nojieM. Oa3a jioacHoro BaKyyMa BHOBb pacna^a- 
eica, o6pa3yeTca ropa<iaa njia3Ma, npouecc poac^eHHa h yracaHHa 
HaHMHaeT hobmh Kpyr. 

EdecTBeHHO, HOBaa o6jiacTb BcejieHHOH aBjiaeica npHHHH- 



HH(J)jiauHOHHOH (j)a3e. O^HaKo nocjiaHHe H3 Haiiiew oGjiacra Bce- 
jieHHOH BnojiHe MoaceT aohth Tyaa. HauiH co6biTHa Moryr OKa3biBaTb 
BJinaHHe Ha npoueccw b hoboh MHHH-BcejieHHOH. 

B TaKOM cjiynae KaKaa-jiH6o UHBHJM3aijHa MoaceT 3anHcaTb 
cbok) HaKonjieHHyio My^pocTb b KHHiy KHwr, noMecTHTb ee b aoc- 
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Pmc. 1 8,4, 3Aecb noKa3aHa 3boaioum9 b oahom M3 MMHH-BceAeHHbix, b kotopom A -hash 
He paBeH HyAio. Bnoxa ropaMero BemecTBa CMeHaeT MH()>AflUkiOHHyio 3noxy 3aTe/v\ 
HaciynaiOT TeMHbie BpeMeHa 6e3XM3HeHHoPi Bccachhom, b HeKOTopbiM momcht bpcmchm 
noflBAJieTCfl c(>a3a BemecTBa c aoxhwm Ba«yyMOM (oh noKa3aH Ha pucyHKe lUTpuxaMM), 

B KOTOPOM BHOBb HaHMHaeTCfl klH<j>AflUM9 

TaT04H0 xecTKHH KOHTeftHep ^ m nocjiaTb 6yaymeft uMBMjin3au,Mn. 
Tpy^HOCTb, npaB^a, 3aKjiK)HaeTCH b tom, hto6h «yra^aTb», b KaKOM 
HMeHHO MecTe npocipaHCTBa h b KaKOH hmchho momcht BpeMeHH 
«OTKpoeTca» Bxofl b HOByK) BcejieHHyK). 

CTMMyAJIUMJI pO>KAeHMfl BC6ACHHOM 

Mo>kho He y&mi\> cnoHTaHHoro poacneHHH BcejieHHoft, a cra- 
MyjiMpOBaTb ee poxaeHHe. /laace b tom cjiynae, ecjm HanpaBjieHHoe 
co3^aHHe BcejieHHOM OKaxeTca HeB03M0>KHbiM, npaBMjibHo npH- 
Kjia^biBaa ycHJiHH, mokho ,ao6MTbca 3Ha4HTejibHoro noBbimeHHsi 

BepOHTHOCTM poaCfleHHH HOBOH BceJieHHOH. 

CnyCKOBbIM KpK)4KOM flJIH HaHaJia HH(J)JIHUMH MOXd OKa3aTbCH 

Kojuianc nepHOH flbipbi. Kojuianc oGmhhoh 3Be3flbi b nepHyio flbipy 
He npoTHBopeHHT HHKaKHM 4>M3H4ecKHM npHHLtfinaM, Hao6opoT, 
cicopee 3to edecTBeHHbiM npouecc bo BceJieHHOH. MHorae 3Be3flbi 

flOJIXHbl KOHHaTb CBOH )KH3HeHHbIH IJHKJI B BHfle nOTyXIIIHX, MepTBblX 

nepHbix flbip. npouecc Kojuianca moxho HHHUHHpoBaTb. HaBepHo, 



]) BHHMaTejibHbiw HHTaTejib MoaceT CKa3aTb, hto BHyTpw 4>a3bi jioxHoro BaKyyvia 
HHKaKOH KOHTeHHep He Bbmep)KMT... 3to 6yaeT fiohth npaBmibHO. Mbi noKa He 3HaeM 

CBOHCTBa KOHTeHHepOB, «C,aejiaHHbIX» M3 CynepCTpyH. UHBHJIH3aUHH, ojxhzlko, mo- 

yuer orpaHHHHTbCH nocbijiKOH coo6meHHH b BHue rpaBHTauwoHHbix bojih hjih bojih 
CKajiHpHoro nana. 
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cettnac o6cy*maTb TaKMe bo3mo>khocth HecKOJibKo npeacneBpeMeHHO, 
ho (})H3hkh Moryr yKa3aTb T04Hbie peuembi, Beaymwe k KOJiJiancy. 

B xo^e Taicoro npouecca 3Ha4HTejibH0 CHwxaeTCH Heonpe^ejieH- 
HOCTb nojio^ceHMH «Bxoaa» b HOByio BcejieHHyio. Co3/iaTe.nn to4ho 

3HaK)T, TJXQ OH HaXO^HTCH. BepOHTHOCTb C03flaHHH 06jiaCTH, B KO- 

Topoft MoxeT HanaTbCH hhcJxjihuhh, Taoce 3Ha4mejibH0 Bbiiue, xoth 

_iaI2 

h odaeTCH npe^ejibHO hiokoh, P ~ 10 . 

3KcnoHeHUHajibHoe noaaBjieHHe bcpohthocth po>kachmh ho- 
bom BcejieHHoii HC4e3aeT, ecjiw mh(J)jihumh pa3BHBaeica Ha uiKajie 

3HeprHH, CpaBHHMOH C IUiaHKOBCKOH IIIKaJIOH H ~ 77i pl . f[pH 3TOM, 

o^HaKO, B03HHKaK)T HOBbie TpyzjHocTH — HeB03M0XH0 nepe^aTb 
3Ha4HTejibHbift o6i>eM HH(})opMauHM b HOByio BcejieHHyio. 
B o6meM, npo6jieM xBaiaeT... 
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IIo BceM BonpocaM Bu MoweTe o6paTHTbcn k hslm: 
meA./4>aicc (095) 135-44-23, me*. 135-42-46 
hjih JAeicmpoHHOu nonmou urss@urss.ru. 
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H3flaTejibCTB0 YPCC 
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H3flaTejibCTB0 YPCC 



npeflCTaBjineT BaM cboh jiynuine KHHra: 



CypduH B. r. 

AcTpoHOMMMecime 3aaaHH c pemeHHAMH 

B KHMre co6paHo okojio 430 3aaan no acipoHOMHH 
c noapo6HbiMH peiueHHHMH. HacTb H3 hmx — KJiaccn- 
necKHe, HacTb — coBepmeHHo HOBbie. Bee peiueHHH 

COCTaBJieHbl aBTOpOM KHMrM M HepeflKO AOnOJlHHIOT M 

aaace McnpaanaioT oiiih6km KJiaccM^ecKMX peiueHHH. 

YpoBeHb 3aaan b cpeaHeM HHace ojiHMnnaflHoro, xo- 
T5i oT^ejibHbie 3ana*m noTpe6yioT ynopHOM pa6oTbi. 

A6C0JIK)TH0e 60JlbUJMHCTB0 3aHaH «C M3K)MMHKOM»: He 

ToponnTecb^aBaTb otbct, aaace ecjiM Ha nepBWH B3DiHfl 
3aaana noicaaceTCH npocroH. 

KHHry moxho peKOMenaoBaTb HiKOjibHHKaM, H3yHaio- 
mHM acTpoHOMMK), reorpa(J)Hio h npHpoaoBeaeHHe, a Taoce bccm jhoGhtcjihm 

aCTpOHOMHH. 
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Kum A. 

BBeaemie b KjiaccHnecicyio 3Be3AHyio AHHaMHKy. 

B KHHre H3JioxceHbi BaxcHCHiiiHC Bonpocbi TeopHH op- 
6ht, TeopHH noTeHunajia rajiaKTHK, TeopHH cnnpajib- 
hoh CTpyKTypw ranaKTHHecKHX ahckob h npnjiHBHO- 

TO B3aHMOZieHCTBHH 3Be3flHbIX CHCTCM. 06cyacziaeTe$i 

^BH^ceHHe 3Be3,a h sbojuouhh 3Be3£Hbix ciconjieHHH 
b rajiaKTHKe, a TaioKe CTpoeHHe h 3bojiiouhh CKon- 
jieHHH rajiaKTHK. 

B ocHOBy KHHra nojioxeHbi jieiojHH no flHHaMHKe 

3Be3flHbrX CHCTCM, KOTopwe aBTop MHoro JieT HH- 

Taji CTyaeHTaM KajiH^opHHHCKoro yHHBepcHTeTa b 
BepKJiH (CIIIA). 
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HauiM khmtk mowho npMotipecTM b MaraiMHax: 

«BN0jino-rjio0yc» (m. JtyORHKa, p. MflCHMUKan, 6. Ten. (095) 925-2457) 
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«flOM HayMNO-TexHNMecKoN hhm™>» (JleHMHCHMM np., 40. Ten. (095) 137-0633) 
«Aon KiiMm Na CoKOJien (n. Cokoji, ileHNHrpaACKNfl np., 78/1. Ten. (095) 152-6381) 

. npoiieTapcKan, yji. MapKCNCTcnan, 9. Ten. (095) 270-5421) 
iBcpcMTGT, BopoObesM ropw, AC Mry. Ten. (095) 939-1263) 
t 2001» (m. YHMBepcMTeT, 2 ryM. k. Mry. Ten. (095) 939-2176) 
a» (C.-IM., yji. nyuiKMHCKan, 2. Ten. (812) 325-3589) 
CHUN np., 28. Ten. (812) 3TI-3954) 
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E-mail: urss@urss.ru 
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